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I. CLINICAL 0BSEI~VATIONS ON THE DACHSHUND AND THE COLLIE 

T~ DAChshunD 

~0m6 breeders of dachshunds specialize in the production of dapples. The self-coloured 
(0r mliformly eoloured) dachshnnd may be black, red, chocolate or cream in colour, but 
th~ommOnest coat eolottr is black and tan (which in the context of this s tudy is grouped 
~,igh self~eoloured). The black, and black and tan dapples show streaks of silver in 
~ddi~ion to the basic eolour, and are known as silver dapples; dappling in the form of 
light streaks against the normal colom- background is also seen in the red and in the 
&0c01ate dachshund. The amount of streaking varies considerably--some animals being 
ge~vily marked, others only s igh t ly - -and  tends to fade with age. Breeders do not mate 
&pple to dapple, for they are aware that  this gives troublesome remdts. In order to 
mintain their dapple strains they mate dapple to self-colom'ed animals. Most breeders 
say ~hat in the litters so obtained there are more self-colom'ed than dappled animals, 
and some hold that  the dapple is a more fragile animal requiring greater care in rearing-- 
bslief disputed by others. 
Breeders also know that  some of the dapples have 'wall eye'. Some distinguish between 

blua eye and ' wall eye '; in blue eye the colom" is lacking in a segment or the whole of one 
iris, and in extreme cases in both irides. In  wall eye there is a more extensive anomaly: 
tMimMs is not well defined, and there seems to be some encroachment of the sclera on 
to t.he cornea. Wall eye is held to be Nnctionally normal. 

0e~asionally a dapple to dapple mating occurs. In such litters self-eolonred animals 
and dapples are seen, as well as 'extreme dapples'. The 'extreme dapples' are unusual 
aairaa.ls, tin.ring a large element of white in their coat. They are known to have abnormal 
eyes and are frequmltly blind. They are also reputed to be deaf. One breeder told us that  
~fthree 'extreme dapples' in one litter, two had to be destroyed because they cmfld not 
a0ve about easily, and were held by the veterinary surgeon to have congenital heart 
'tisease. Another breeder also had to destroy two out of three ' extreme dapples' obtained 
in 0~le liter. 

~hase Nets are widely known, and through the kind co-operation of several breeders 
i~'0 have been able to examine a number of self-coloured dachshunds and dapples, as well 
as ghree ' extreme dapples '. 
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Observations on the eye 
The self-eolou~'ed dachshund 

In the black, red, and black and tan dachshund, the iris is darl< brown; in % 
chocolate it is hazel in colour. The self-colom'ed animal shows a brilIiaatly col~r~i 
t ape tum above the disk. The colour and its intensity vary  with age and coat colottr ~ 
the black and tan, the tapetum is a rather  brilliant light greenish bluc; in the ~ 
there is ra ther  more blue merging on to mauve as the tape tum thins out towardat~. 
normal reddish background. In the tapctal  area no detailed structure can be macle a~t 
the striking colour dominating the pietta'e. The disk is not unlike the human ,It.u ' 
tha t  more branches from the central ar tery of the retina are seen. ~ '~ '  ex~t 

These appearances are apparent ly  constant;  we have observed no execptien ~o t~e 
uniform coloration of the iris, or to the marked brilliant hue of the tapctmn. 

The dapple 

A total of thirty-five dapples were examined, thir ty-one being black and tan silver 
dapples. Anomalies of the iris, episeleral veins, and the tape tum wore observe& 

Anomtdfes of t/~e @is. These are not common. They were observed in only fifteen ~y~ 
out of seventy (Table 1), and they ranged from minimal discolom'ed flecks on either fhe 
free margin, or at ~she base of the iris, to more extensive discoloration involving half or 
more, or the whole of the iris, and, as observed in two cases, the whole of both irides. 

Anomalies of the episcle~'al veins. In ttu'ee dapples, two or threc markedly ong0rged 
episcleral veins were seen when the upper lid was retracted;  they were bilateral in one 
animal, 

Anomalies of the tapetum. These were the most striking and constant. In no animal was 
there a normal tapetum, but  the anomalies observed showed somc variation. 

(a) In ten of the thirty-five dapples there was no trace of a tapetmn in either eye. The 
area normally occupied by this s tructure showed the same background as the rest of~he 
fundus, though in some there was a faintly granular appearance rem i nM:,elzt of a poorly 
marked 'pepper  and salt '  flmdus in man. 

(b) In twenty-one dapples the appearances were interpreted as due to the presence of 
a rudimentary  tapetum. The tapetal  area could be distinguished tfrom the rest of the 
fimdus background, but  this area was devoid of all eolom' in all eyes except five. Inthese 
five a definite, though patchy, coloration was observed; but  there was no sT~gges~io~ of 
the intensely brilliant uniform normal tapetum. 

(e) The remaining fern" animals showed no tapetum in one eye and a rndimenta~y 
tapetum in the other. 

Othe~'fu~dus anomalies. No other marked fimdus anomalies were observed excep8~ha~ 
in one eye ~here was a sharply defined patch below the disk with exposure of the choroidal 
vessels, whilst in another eye the tapetal area showed a fundus tigr6 appearanca A 
generalized albinotic background was not  uncommon. 

Correlatio~ of the~e anomalies. (a) Iris anomalies in relatio~ to lapelal a, nomal,~:ez. ].l, will bc soon from 
Table 1 that o$ the ten dapples l~cking ~ tapetum hi both eyes, six had normal Mdes, and three more 
showed ~ normal iris on one side and ~ minimally discoloured Ms on 8he other side. Only one shm~d 
total discoloration of both irides. 

Table 1 also shows that the twell~)y-ozle animals with rudimentary t~peta showed a.n iucidenc~ of~: 
differen~ veoric~ies of discolorr~tion of fihe iris ~0ha,6 does no~ differ subs~n~0iMly fi'om |,hue observea m ~ 
dapples without ~ny tapetum. 
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, .,. a~d tapetnl amn~mlies in  relation to episeleral veins. The relation of ~bis anolnaly tO the different 
it) lrz~ ,. *-,)eta[ and iris anolnalies are shown ill the followfllg sunlln&ry t~ble: 

~'o~a.lieS o~ ~,'t Iris 

D]ngorgcd Tapetmm ,-- ~" -, 
opistderal r- ~ ~ Totally Sec~oriMly 

haimal w~ins Rudimentary None Normal disooloured disooloured 
110. 

l R. eye -I- + + 
{i 5. eye + + ~" 
"6 R. eyo 
o ~. eye + + + 

R. o3'~ + "~ 
~7 L. eye -I- + + 

It, ~,ill be seen that; episeleral veins do no~ lmeessarily occur in eyes showing the most severe tapetM or 

iris ai~om~flY. (~) Iris a,~d talu :tel a, nomalies in  relation to the basic coat colour of  the dapple. Of the ~hirty-five d~pples, 
thr were smooth-halved black and tan silver dapples, tin'ee were smooth-hMred chocolate dapples, 
~" �9 ,, , . .  ' ' " d~pple. ~tld ~hs remalnnlo one w,~s ,~ l)epper-~nd-salt long-hau'ed 
The incidence of ,moma[ies itt the six eyes of tile tlu'ee smooth-hMred chocolM;e dapples was: 
~a~etu'n~,: l~udimentary in both eyes of two animals. NOlle in both eyes of one animal. 
Iris: Normal in live eyes, and seetorially diseoloured ill one eye of one of the animals with 

a rudimeut'u'y t,~petum. 
'fhs ,pepper-and-salt;' loug-hah'ed d~pple showed lm tapetum in one eye and a rudimentary tapetum 

~tths other, wit;h a normal Ms on the side of the rudimentary tapetum and a seetorial discoloration of the 
~iso~ gtte side without ~ t;apetum. These findings do not differ materially fl'om those observed in the 
~er &~pples. 

~l~s'e~treme d a p p l e '  

~he ~hrec ' e x t r e m e  d a p p l e s '  seen were aged 2, 10 and 18 mon ths .  T h e y  all showed 
~xtensive oculu,r anomal ies .  The  eyes a p p e a r e d  smal l  and  deep ly  set. The  sclerae were th in  

~nd bluish in colour.  The  l imbus  was i l l -def ined a n d  the re  was e n c r o a c h m e n t  of  the  sclera on 

to ihe cornea. E n l a r g e d  episcleral  veins  were  p re sen t  in  all  eyes.  The  i r ides  were  m a r k e d l y  
~yp0plastic and  a lmos t  comple t e ly  devo id  of  colour .  I n  one, the  pup i l s  were eccentr ic  

and the ad jacent  iris sugges ted  an i ncomple t e  a t y p i c a l  co loboma;  in  a n o t h e r  the re  was 

a persistent ]mpi l l a ry  m e m b r a n e  in one eye.  I n  all  six eyes t he  iris was hypop las t i c ,  
fairly translucent,, a n d  t, hcre  were m a n y  holes a n d  clefts r e a d i l y  seen wi th  the  oph tha l -  

moscope. The lenses were s l igh t ly  c loudy  in two animals ,  and  in t he  a n i m a l  wi th  ec topic  

pupils one lens gave  a sugges t ion  of a co loboma  a t  t he  lower marg in .  I n  t h e  t h i r d  e x t r e m e  
~apple the lenses were sub luxa ted .  Vi t reous  opaci t ies  were p re sen t  in  five a n d  poss ib ly  

all the six eyes. O p h t h a h n o s c o p i c a l l y  t he re  was no t a p e t u m  in a n y  of t he  six eyes, and  

t, he disks were all  m a r k e d l y  a t rophic .  I n  a d d i t i o n  the  fundus  showed t o w a r d s  i ts  p e r i p h e r y  
l~rge scattered a reas  of whi te  shining b a c k g r o u n d  w i t h o u t  a n y  ove r ly ing  choro ida l  or  

retinal vessels. Two of these  an ima l s  m o v e d  as i f  t h e y  could  see, b u t  t h e  o b j e c t i v e  f indings 

leave no doubt, ~hat vision m u s t  be gross ly  defect ive .  

THE COLLIE 

. Dappling ill the collie is known as merling, and very much the same findings as seen 
la the dappled dachshund are reputed to occur in the merle collie. 
The collie normally is tricoloured (black, brown and white), or sable (brown and white). 

The blue merle collie is a tricolom" animal in which black is replaced in patches by 
~erling. It, is valued by breeders in contrast to the sable merle which is not fashionable 
(~d which we have not been able to see). In all nine blue merles (presenting seventeen 
~Y~s) were examined .  ]-~iko the  dapp l ed  d a c h s h m M  t h e y  are no t  m a t e d  to each o~her, 
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inbUtthet~ litter.tric~176 ; when merle to merle matings occur ' white collies' a,re reputed to api~ea ~ 

Observations on the eye 
The t~'ieolou~' 

The iris colom' is brown in the tricolour collie and light brown in the sable. The tai)etu ~ 
of the adult is a brilliant yellow-green and a blue-green or blue in ~he puppy. 

The blue merle 

As can be seen from Table 1, anomalies of the iris and of the tapetum were obsetve~,a 
No eye showed engorged episeleral veins. 

Table 1. Findings on the i,ris and tapetum in 'me~'led clogs 
~Bo~sh M d e s  d i s e o l o u r e d  

ToL,M no .  :Both M d c s  One  t o ~ l l y  
of  dogs  norm,M iu B o t h  a u d  o t h e r  B o t h  
seen co lou r  t o t a l l y  sec tor i~ l ly  see to r l a l ly  

D a c h s h u n d  

N o r m a l  ~s~pett~ . . . . .  
I K u d i m e n t ~ r y  L a p e t u m  21 14 1 - -  - -  

in b o t h  eyes  
l Z u d i m e u t ~ r y  t a p e t u m  iu 4 2 - -  - -  - -  

one  eye  a n d  n o  t ~ p e t u m  
ill t he  o t h e r  

N o  t g p e t u m  in b o t h  eyes I0  6 I . . . . . .  

To t~ l  35 22 2 - -  - -  3 

Collie 

Norm~d t~pe t~  . . . . . . .  
P~ud imen t~ ry  t ~ p e t u m  iu 4 2 . . . . .  

b o t h  eyes  
lZud imen t ,~ ry  t ~ p e t u m  in 1 - -  - -  1 - -  - -  

one eye  ~nd  n o  t ,~petum 
in the  o t h e r  

N o  ts, p e t u m  in b o t h  eyes  4~ 2~-.~ - -  - -  1 - -  

T o t a l  9 4,} - -  I 1 .... 

h l i n i a t u r e  collie 

N o r m a l  ~s~pet~ . . . . . . .  
~ u d i m e n t ~ r y  t ~ p e t u m  in 1 . . . . . . .  

b o t h  eyes  
g u d i m e n t ~ r y  t ~ p e t u m  in I . . . .  I w 

.one eye  ~nd  no  t ,~pe tum 
m t h e  o t h e r  

N o  t a p e t u m  in b o t h  eyes  1 - -  1 . . . .  

T o t a l  3 - -  1 - -  - -  l 

* On s ide  w i t h  t h e  r u d i m e n t a r y  h ~ p e t u m .  

One Ms normal and 
the  ,~ther discoloured 

Tota l ly  SeCtor]all 3 

2 4 

1 "  I t  

,) 

1 

1 

"[ O n  ~he side d e v o i d  o f  t ~ p e t u m .  
$ T h e  r i g h t  eye  of  one  collie cou ld  n o t  b e  f u l l y  ex,~mined ~s t h e  l ids  w e r e  p a r t i a l l y  adheront~ on that side. 
w On s ide  l~e ldng  t ~ p e t u m .  

Anomalies of the iris. Discoloration of the iris was seen in six out of ,seventeelx oy0s. 
Complete discoloration' was only Seen in one eye. The remainder had a. see~or of div 
coloration, except that  one iris was flecked with white radial strealCs. 

Anomalies of the tapetum. In the seventeen fundi seen there was no tal)e~um in 0igh~ 
and only a rudimentary tapetum in the remaining nine. 

Other fungus anomalies. In one animal there was a segment beh)w the disk in whiah 
the ehoroidal blood vessels were exposed to view--possibly due to del)igmentaLion it~ t, he 
overlying retina. 
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Other a~w,~alies. ]n one animal the nicti tat ing membrane  was very p rominen t - -  
c0ndi~ioI1 reputed to be common in merles, but  not tricolol~rs. In  another  the lids had 

failed ~o open flflly ou one side and the cornea was scarred. This was the eye tha t  could 

a~ be furfller exalniued. 
c,rrelatio~ ~ lt~e ir./s,!~c! ta,pekd anomalies. As in the d~ppled D~chshund tapct~l anomalies were 
: .~ and ir~s ~n(mm.l~cs less n'equent~-with no correlation between the severity of the tapet~l defects 

cooke"?- ~f the iris (T~l)lc 1). 
and tho~ 

f~e .white collie 
~0~e was available. The breeder reported having had one previously which had white 

i~id~s ~ d  was nol; bliud. The nictitating membranes  were large and the animal died from 
l~ ana.esfl~etic while these were being removed.  

THE MINIATUI~E COLLIE (SHETLAND SHEEP-DOG) 

Observations on the eye 
~ t ricolour an(l sable 
~wo gricolo~rs aud cue sable were seen. Their eyes were normal and differed in no way 

from ~hose of collies except tha t  they were smaller. 

,l~i~iature merle collies 
Three such auimals were seen. Breeders apply  the same breeding restrictions on 

~nini~gure merle collies as on the larger variety.  
Anomalies of iris. This was present unilaterally in two, and in both eyes in one animal. 
Anomalies of t/~e episcleral veins. None was seen. 
;~nomalies of the tapctum. No animal had a normal tape tum.  The animal with bilateral 

~iscoloratiou of the iris showed no t ape t um  in either eye. 

,llidatu, re ~ohite collies 

These are reputed to occur from a merle to merle mating. None was seen. 

2. BI~EED]NG I~.ESULTS 

%ble 2 shows breediug results compiled f rom two sources: breeders '  records of litters 
that were seeu by ~ts cud from breeders '  records of other litters where full details had 
be~n kept. Data  were available on each of the three breeds of dog. 

TYPES oP ~ATING 

Three types of breeding were observed. 

(]) Mati~gs of dapple (or me~'lc) to ful l  coat (Table 2(a)) 

Dachshund. As cau be seen from Table 2(a) fort)§ dapple to full coat matings 
resulted in niuety-seveu dapples and 102 undappled offspring. 

Collies. Five merle l~o tricolonr matings gave rise to nineteen merles and twelve 
unmerled auimals. Iu  addition, details were obtained of one mating between a sable 
merle a ncl a trieolour, the issue from which were four tricolmlr and fol~ sables. There 
~as also one mat iug between a blue merle and a sable resulting in two blue merles and 
i0~ trieolours. 
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Miniatu~'e collie. Seven matings were recorded between merles and tricolo~ s ~he 
resulting offspring consisted of ten merle and fifteen b:icolom'. There was, in additioa, 0ae  

mating between sable merle and tricolour which resulted in two sable m'erles aad 0~ 
~ricolom'. 

(2) Dapple to dapple (or merle to merle) matings (Table 2 (b)) 

This type of mating does not frequently happen by design; in consequence few record~ 
were available. 

Table 2. Breeding data on dappled dogs 

Dachshund 
Collie 

Miniature collie 

Dachshtmd 
Collie 
iVIiniatnre collie 

Dachslumd 

(a) Sclf-coloured ~o dapple 

Parents 

Dappled x selfcoloured (45 matings) 
Blue merle x tricolour (5 matings) 
Sable merle x tricolour (1 mating) 
Blue merle x sable (1 maghlg) 
Blue merle x tricolour (7 matings) 
Sable merle x tricolom, (1 mating) 

Offspring 
' J r  

Dapple or merle Non-dappled 

M. F. M. F. 
45 52 47 55 
I0 9 5 7 
- -  - -  4 *  4"I" 

1 1 2 2 

7 3 I I  4 
1 1 - -  1 

(b) Dapple to 

Parents 
Dapple to dapple (6 matings) 
Blue merle x blue merle (2 matings) 
Blue merle x blue merle (2 matings) 

dapple 

Blue merle x sable merle (1 mating) 

(c) Matings involving an extreme dapple 

Non-dappled 
A 

k ~ k 
4 1 4 
1 1 2 

4 3 1 
- -  - -  2 w  

( 

Non-dappled 
A 

Parents ~. I~ 
Extreme dapple x dapple - -  - -  
Extreme dapple x self-coloured - -  2 

* Three trlcolours and one sable. 
"~ elm tricolom" and three sables, 

Offspring 

Dapple or merle 

F .  l~t  

7 7~ 
3 2 

2 
2w - - .  

Offspring 

E xtreme dapph 
or  merle 

L 
3 

I 

Dapple or merle Exbeme dapple 

z F ~ c - - - " - - -n  
5 { .  . M .  F, 

1 - -  - -  1 

$ One of these caane to histological examination when three months old. 
w One blue merle and mm sable merle. 

Dachshund. Six matings were recorded. They resulted in ten extreme dapples, doyen 
dapples and five undappled animals. 

Collie. The two matings recorded resulted in three extreme merles, five merles and tw0 
unme.rled animals. 

Miniature collie. There were three merle to merle matings resulting in seven merles 
and seven unmerled offspring; there were no extreme merles. 

(3) Matiq~gs involving an extreme dapl)le (Table 2 (c)) 

Extreme dapples are generally not reared so that matings involving these animals ~re 

infrequent: 
(i) a mating between a dappled dachshund and an extreme dapple resulted in a dapple 

and an extreme dapple; 
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,a ~lating between an extreme dapple and an undappled dachshund reputedly 
(ii} , .. ~wo da~)pled and two undappled animals. (Unfortunately examination of the 

1 ~  l I ~  u t . , " 

r~_s.tu:i~ itl this litter was not possible. Mimmal dappling of the coat may have been 
~ " 'n the 'uon-dappled' animals or perhaps some tapetal anomaly.) 
NS0II~ 1 - 

P I~ summarY ['orm the results recorded are: 

Dachshunds and collies 

N[ating of selLcoloured to dapple or merle 

Off,spring 
No. of r * -  a 

mat ings  Dapple SelLcoloured 
60 130 DI2 

h'[ating of dapple to dapple (or merle to merle) 

Offspring 

No. of Dapple or Ex t r eme  dapple 
,uatings Full  coat  merle or extreme merle 

11 i4 23 i3 

In addition, there were isolated matings of extreme dapple to fnll coat and extreme 

dapple to dapl)h;. 

SEX IN I~ELATION TO I~iEI~LING 

The sex distrilmtion of dappled animals shown in Table 2 (a) does not depart significantly 
t}0m t h e  1 : 1  ratio. It  was forty-five males and fifty-two females for the dappled 
da0hshunds, cloven males and ten females for the merled collies, and eight and four for 
t, hsmerled ,niuiaturc collies. There is likewise nothing to suggest that the ratio of dappled 
to undapplcd amongst the offspring is influenced by the sex of the dappled parent in 
mt.ings of dapple to fnll-coat. Tiffs is shown in the following summary table: 

Paremts ... ~ Dappled x nndappled  -9 r Undappled  x dappled 

Offspring 
A 

Dappled Undapp led  Dappled Und~tppled 

, r T ~ ' T" T. F .  . . 

Dachshund 32 42 74~ 40 45 85 13 10 23 7 10 17 
Oollies 5 6 i1 5 6 11 6 ,i 10 6 7 13 
gIinia~ure collies 1 - -  1 1 1 2 7 ,t 11 10 ,~ 14 

3. DISCUSSION 

PREVIOUS STUDIES ON THE DOG 

Dappling an.d mcrling in dogs have attracted attention not only because of the unusual 
r but also because of the striking fact that markedly abnormal offspring may 
arise from rantings of such animals. Studies are available on the dachshund, the dunke]> 
~0u~d, the co]tic, the foxhound, and the great Dane. 

(1) The dachshund 

Wriedt in 1923 recognized that dappling in the dachshund is due to a dominant gene. 
I{~held that it was c• against black or brown but not against red, and appreciated 
that'white tigers' "u'ise only from the mating of '  tiger' to ' tiger '. Two years lager Anker 

J0urn. of Genetics 52 28 
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in a s tudy on the relation of the different coat colours gave extensive breeding 
extracted from registers, which may be summarized thus: 

Oll:sp,'ing 
J k _  

l~{ating Undappled Da.ppled ' White Ligers' 
Dapple x dapple 15 22 6 
Non-dapple x white ~iger 2 3 I 
Non-dapple • d~pple 110 86 - -  

(2) The No~'wegian dunlr 
The occltrrence of white dlmkerhounds was noted by Wriedt (1919, 11.925 and 1980). 

The white animal is described as white dappled (white with irregular grey s]?ots). I~ is 
given as derived fl'om reciprocal crosses of grey dappled with small mal'ldng (i.e, raefling), 
Such crosses produce } black (or black and tan), �89 the commoll grey dapples, and 

dappled white. White dlmkerhounds are homozygous as showll by cross-breeding, f0~ 
all offspring of self-colour with white dapple are grey dapples. The white dapple Shews 
blue irides; the pupils are oblique, and microphthalmos with blindness may be Present. 
Glaucoma has been observed in old white dapples. Deaflless is frequent and resistance 
to disease poor. 

(3) The collie 
Mitchell (1935) held that  the blue merle was conditioned by a Sillglc dominant geae f0~ 

dilution (M) upon the bicolour pat tern and that  M M  animals were white. He gives ~he 
following distribution among seventy-nine offspring of crosses betweell blue merles: wtfite 
collies 20, blue merles 39, and tricolour 20. The white collies are described as it&ring eyes 
that  are pale blue, almost china white, and more or less siglitless--alm])litlidmos being 
present in extreme cases. When hearing is affected, there is gellerally total deafi~ess, l/is 
ow~ white collie proved fertile. 

(4) The foxhound 
:Phillips & Knight (1938) observed two 'calico' hounds--sibs (brother aM sls~e~) 

derived from a cross between a black and tan holmd and a cream ' calico' bitch. This pair 
of calico hounds had dark eyes and good hearing. Two matillgs are reported: 

(1) Mated to each other they produced three calico hounds with a grcat deal of whir0, 
all of which had china eyes and were deaf; one calico homlr w~th o11e china eye ~nd 
a suggestion of white on the toes of the forefeet was also deaf; there w'ts in addition, ene 

sound fldl colo1~r with dark eyes. 

(2) The calico dog mated to a fldl-coloured bitch (black saddle on a tfl, n background) 
produced normal-hearing black and tan calicos (one of which hail elm cliina eye and one 
dark eye) ; a tan calico which was deaf and had china eyes ; two self tans and one bl~0k 
and tan--all with dark eyes and good hearing. 

They also report that  other breeders found that marinas o[' calico to calico will some- 
times produce a defective white, and that  deaf dogs with a large proportion of white and 
both eyes china are folmd in every litter of such matings. 

(5) Otha' dogs 
There is hearsay evidence on the occt~rrence of merling and anomalies hi other breeds 

of dogs. Thus Mitchell (1935) notes that  blue merling similar to that  scea i~t the eolli6 
occurs in several breeds which may  originally have intermillgled with the eollie, and lists 
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,o~gS~ flw, se the old English sheepdog, the Shetland sheepdog, some collie-like British 
possibly ~ dbg dogs as well as the great Da~le ' and  the dappled dachshund' .  

~% M.vo heard of merles amongst Cardiganshire corgis, the merled strain having 
..re, flY died out during the war years. Likewise merling is reputed to occur in the 

aPM'~Jond sheepdog (reputedly an indigenous animal); and blind and deaf white dogs 
1 1 8 8 1 1 ~ J - ~ "  . ,  . 

Q --;d to be found amongst the offspring of crosses between such merles. 

(6) The great Dane 

Apart fl'om dapl?ling and merling discussed so far, there are observations on the 
000l~rrcnco of 'white dogs' amongst the offspring of harleqnin Danes mated to eacli other. 
This was noted by :Little & Jones in 1919, whilst Nachtsheiin (194.0) drew attention to 
00ular anomalies seen in such animals. 

These studies may be taken to establish tha t :  
(1) Ncrling occurs in the dachshtmd, the Norwegian dunkerhund, collie and foxhound. 

~he merlcd strain can be maintained by mating merle to self-eolmtr; the offspring consists 
of b0gh these types, apparently in equal proportions. 

(9,) It1 fl~c offspring of merle to merle in these four breeds 'white dogs' have been 
0bservcd in addition to self-colmtred and merles. 

(3) Such white dogs have abnormal eyes and aye sometimes deaf. 
(4) Except for ' wall eye ', which is an inconstant occurrence, no marked anomalies are 

reo0rdcd for merled animals. 
(5) The results of breeding merle to self-colmtr and merle to merle are consistent with 

tbassumption of a dominant  factor M as responsible for merling. In addition to merling 
inge hcbrozygotes the factor sometimes also produces iris discoloration (wall eye). The 
h0m0zygous animal is markedly abnormal in coat colom', eyes and ears. 

In addition, there are observations on the great Dane. The offspring of harlequin mated 
t0harlcqui,l include 'white dogs' with ocular anomalies. 

PRESENT STUDY 

As can bc seen from Table 1 dappled dogs-- the dachshund, the collie and the miniature 
e0Uie--censistently show an anomaly of the tapetum with 'wall eye'  as a less constant 
feature, and engorged episcleral veins as an occasional occurrence. There is no direct 
relationship between the severity of the tapetal  anomaly and anomalies of the iris. In 
c0n~ras~ these breeds show completely normal fimdi and irides when their coa t  is self~ 
e010ured. The three extreme dappled dachshlmds seen all showed grossly abnormal eyes : 
microphthalmos with marked iris anoma]ies, vitreous haze and circumscribed defects iu 
th6 choroid. 

Genetics 
(~) Mode o/' inheritance 

'fhe results recorded in Table 2 and summarized previously have shown that  when 
f/l-coat is mated to merle the offspring are of the same two types in a distribution con- 
Qten~ with the 1:] ratio (102:97 in dachshmlds ; 24.: 21 in collies; and 16:12 in miniature 
e0Uies). There were three types in the offspring of merle mated to merle, viz. fi~l-coat, 
~rle, and ' white dogs', the distribution being consistent wi~h 1 : 2 : 1 ratio (14.: 23 : 13 for 
th~ dachshunds and merled collies). 

28-2 
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These results therefore suggest that  merling is indeed conditioned by ~L single 

�9 ' . . . .  ;~' ~lial;eli which hail been desi hated M This faetoi is dominant, oz Iathc~ i n t ( , ~  11l(r ~ ~ae~0t 
the heterozygote being a healthy animal, whilst the homozygote is grossly pal)h~ll ~ffeet, 

%le~ There are, however, two difficulties in this reading, as can be seen from Table 2: I. 
(i) There were three merle to merle matings in miniatm'e collies resulth~g in f o ~ e  ~ 

deficiency may, however, have been a chance occurrence (or represent a ~'" " ' 
the M gmae in the duplex state; it is ~mlikely to have been a faulty record by I)he breed% 

(ii) Whilst a mating of extreme dapple to dapple gave one dapple and one extrer~e 
dapple--a  distribugion according to expectat ion--a mating between a white dachsh~ d 
and a fldl-eoat animal is reputed to have resulted, in two full-coa~ animl~ls hi additia~ 
to two dapples. However, it has already been pointed out that  [)hese apparent full-e0ats 
were not examined. The record is not altogether satisfactory. 

(b) The effects of the M gene 

In tAe simplex state�9 The two constant effects of the M gene arc nmrliug of I)he hair and 
abnormality of the tapetum. Both these effects vary from animal 1)o animal, for the 
degree of merling is variable and so is the extent of the tapetal  anomaly. Both effects 
are, however, marked and obvious. Two effects are inconstanl;: one of I)hese, heter0- 
chromia iridis, is fah'ly common and has been seen in the three breeds studied; [~1~ othe~- 
engorged episeleral veins--is infrequent and in this sm'ies has been seen only in the 
dachshtmd. 

I t  is tmlikely that  the tapetal anomaly and wall eye in the heIx~rozygoIx~s studied are 
produced by a different gene from that  producing merling, if only because of I)he eons~an~ 
association of merling with tapetal  anomaly. The following obscrva[fion on a mongrelis 
also instructive. 

A stray mongrel like a heavily built fox terrier had a brown coal) cxcepl)for patches of 
dappling similar to that  seen in the chocolate dappled dachshund. Whils[) [)he irides were 
brown, the fundi were devoid of tapeta. 

I~ the dwlex state. There is a variable pleiotropie effect. The mosl; mm'ked effee~ 
produces a white dog, but  in the dachshund, at any rate, dirty greyish dark patches ara 
commonly present. The eyes are malformed, and in extreme cases I)here is marked mier- 
ophthalmos. The ocular anomaly is obvious when the eyes firsl) open, bul) apparently 
progresses with age. We do not know how frequently deafness occurs. Tlun'e were no 
other obvious physical defects in the three white dachshunds see~l, and I~hc pos~-m0Ner~ 
examination of one white dachshund two months old revealed nol)hing of general interest.. 

The nature of the ocular anomaly presents some dii~culty in inlx~rprcl)al)ion. Clinically 
the eye is small, the cornea shows opacities, the lens may be d islocal~ed, bul) tire most, 
marked changes are in the iris and choroid. The iris is obviously hypoplastic and ~.he 
choroid shows localized defects of the 'atypical  coloboma' type  in additiml I)o the lack 
of tapetum. One would expect these anomalies to correspond hisl)ologically to vascular 
defects and to defects in the pigment layers of the choroid and iris. This is diseussd 
elsewhere (Lucas 1954). 
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(~) Locatio~ of the 11f 9ene 

(i} Relat.io~ to the genes fo~" coat colouq' 
Assuming that  black is allelic and dominant to chocolate (Wings, 1951 ; Burns, 1952) 

iiis clea.r ~hat dappling is not a member of this series, because the litters observed showed 
0stares shat were consistent with tile interaction of two independent genes and incon- 
sist~n~ with a monofactorial rearrangement. The more significant findings were: 

#l'~ ,~nat.ings i,n,volving chocohtte to silver" dapple. Here the results wore: 

(1) 1 choeolai)e and 2 chocolate dapples. 
(~) 1 chocolate and 1 chocolate dapple. 
(3) 3 black and ] silver dapple. 
(4) 3 black and ] silver dapple. 
(5) 3 black and ] silver dapple. 
{~) 3 silver dapples. 

I~ the first two of these rantings the silver dapple must have carried black on one 
~omoSOmC wil~h chocolate as the allelic gone, for chocolate offspring occ[grcd. The gone 
for d~ppling cannot therefore be an allele to full colour. In  the remaining four rantings 
silver dapplcs wcre seen among the offspring, and these could not have arisen if the gone 
for dappling were al]elic to tha t  for full colour : only chocolate dapples would be seen. 

tS'sve'~ mati~~,gs involvi~zg a ~'ed animal and a silver daTple. The results were: 

(i) Two reds, two silver dapples, and one red dapple. 
(9,) Four reds, one silver dapple. 
(3) Three silver dapples. 
(4) Three rcds, one black. 
(5) Three 'full-coat' ,  and one red dapple. 
(6) One black and two red dapples. 
(7) Two reds. 

On the assumption that  red is recessive to black, the silver dapples seen in the first 
t.l~ce litters could not occur if the gone for dappling were allelic to tha t  for full colour; 
nor could thc red animals observed in (1), (2), (4) and (7). (The offspring shown ill (6) 
and (7) were from (~he same parents.) 

(~) Possibility o/" gird:age with the gene./b~' colour 

In the thirteen matings involving a silver dapple, assuming once more that  red is 
recessive to black and chocolate to red, the distribution observed in the offspring is such 
that crossing-.over has to be assumed in six instances if the gone for dappling were linked 
~'ith the gone for colour. Location on another chromosome is therefore more likely. 

(iii) Possibility of loc<~tio~ on the sex ch~'o~nosomes 

The M gone is obviously not located on the X-chromosome, for in addition to three 
~xtreme dapples we observed, there are records of six more. Amongst the nine extreme 
dapples both sexes were represented (six males and three females). This clistribution does 
a0~, of course, dispose of the possibility tha t  the gene is carried on the homologous portion 
0fbho X- and Y-ehromosomes. Such an assumption is, however, untenable, for a merled 
d%Would be carrying the M gene on either its X-chromosome or Y-chromosome. In the 
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latter case only its sons would be dappled, whilst if the gene is carried by the X r 
some only daughters would be dappled. Actually the records of thir ty  m'o,l~in~,o o~ ~ra~ 

Wcdt eye ancl tapetat anomaly in other breeds 

(a) Breeds with coat patte~'n suggestive of me~'ling 

In the three breeds studied wall eye is present only in heterozygotes; t)he homozyg0te~ 
for full colmtr have dark eyes. There are several homozygous breeds whose coat 1)a~ter~ 
suggests marling; the old English sheepdog, the roan spaniel and the bhm Kerry terrie~. 
These were examine4 ophthalmoseopica,lly with the following results. 

The ol, d English sheepdo 9 (bob-tail). At birth the sheepdog is black and white. As th~ 
first coat is shed the black areas are replaced by merle. The top hair in t)he marled area 
is banded. Beneath it is a coat of fine soft white hair. Four animals we ca seen shoMngwail 
eye on one or both sides; all wall eyes lacked a tapetum. Three animals wii)h normalirides 
showed normal tapers. No animal showed a tapetal or iris anomaly by it)self. Wall ay~i~ 
reputed to be common in this breed. 

The 'roan spaniel. The roan spaniel is either black or white when born, the roan pat~er~ 
appearing when the puppy coat is shed. The coat of the adltlt is a mixi)ure of black and 
white hairs. A blue tapetum was present in two dogs examined. Only t)wo cases of wall 
eye were known to one of the principal breeders ; they were two bitches in a litter of tl~0e 
(the third being a dog with normal k'ides), deriving from a blue roan siL'e and a black and 
white dam. 

The blue Ke~'~'y terrie~'. The animals are born black, except tha t  occasionally thee is 
a spot of brown on the leg. In the adult the coat is a mixture of black and white hairs. 
No case of wall eye was heard of in this breed. The tapetum in three adull;s examined 
was blue. 

(b) Breeds with coat pattern showing spotting 
I t  has already been noted that  'white Danes'  with ocular anom.~lies appear when 

harlequin Danes are mated to each other. There is considerable evidence t)hat l~he harle- 
quin pattern is the equivalent of, or is associated with, marling. This will be diseuesedin 
a separate study. Itere it is enough to stress the following observai)ions: 

(i) Harlequin Danes show the same tapetal and iris anomalies as dappled dachshunds 
or merled collies. 

(ii) Breeding results also appear to be similar, for the ocular anomaly of the white 
Dana is probably as severe as tha t  of the white dachshund. 

(iii) The ragged patches of the harlequin recall not marling but  the spoI~I~ed pa~ern d 
�9 the dalmatian, the English setter, and the springers--breeds tha t  are homozygous (in 
contrast to the heterozygous harlequin). As with homozygous animals wii)h a coat pa~ern 
suggestive of merling, these homozygous spotted animals occasionally show t)apegal and 
iris anomalies. 
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Analogous conditgons in otheq" s~)ecies aqzd maq~ 

Dzi)pling or mcrling in species ogher than  the dog is known, but  not fully studied. I t  
~0ttkl a'l~pe"'r tha t  dappling reqldres clear differentiating from the roan pattern, seen in 
t.g~ roan spaniel and other breeds, as also in the mouse, guinea-pig and in roan cattle. 
g0thing definitc is known of bodily anomalies of such animals, except in the case of the 
r~ottse. IJ1 M'u,s ,m, usculus, Cloudman & Bunker (1945) have described the triad of dis- 
garbalace in equilibrium, involimtary head movements, and deafness. Early in life the 
hd0ro~.~gotc shows the roan effect, but  later on the darker areas gradually fade, so tha t  
t, he mouse becomes white. In the homozygote all these anomalies are exaggerated. The 
~icrophthalmie nlouse described by I-Iertwig (194.2) shows in the homozygous state 
c01obom~ of the retina with reduction in the size of the eye, virtually complete absence 
0fs~condary bone absorption (Griineberg, 194-8), and both fur and eyes are devoid of eolom ~. 
Ia ~he het(n'ozygous condition there is dilution of eolour of the eye, whilst the eolom �9 of 
l.h~ fta' is not appreciably affected, except tha t  under suitable genetic conditions there is 
sa0h tail spotting, a blaze on the forehead and often a belly spot. The rather complicated 
gsae~io backgroultd is discussed by Griineberg (1953). 

Ia the eat, J_~amber (1933) has drawn attention to several old observations on the 
~ssociation of white coat with blue eyes and deafness, and has shown that  white deaf 
r nee/[ not necessarily have both eyes blue, and that  white, blue-eyed cats are not 
nB~essarily d.caf. She believed the white colom �9 to be inherited in a dominant manner, 
and ghag the syndrome, whether fitlly or partially expressed, occurs in the heterozygote--  

~dew that agrees with the breeding results recorded by Przibram (1908). There is 
evidence (jones, 1922) tha t  in the duplex state the gone is lethal i~z utero. Blue eye is 
appa.rengly the counterpart  of the wall eye of the dog. I-Iistologieal observations on the 
i~ne~ ears and the eyes of white, blue-eyed, deaf cats have shown bony changes in the 
l@rinth (Alexander, 1900; Alexander & Tandler, 1905), and lack of pigment in the 
aveal tr~mt (Lauber, 1906). 

We ourselves have seen three white cats, and made the following observations: 

Iris Tapegum Hearing 
(1) l{ igld; e, yo Yellow Normal Probably normal 

Left, eye Yellow Normal 
(2) Rigid; eye Total 'walleye' Absent Probably normal 

Lef't; e, ye Yellow Normal 
(3) II.ighll eye Yellow Normal Probably normal 

Lcft~ eye Yellow Normal 

The one eye with iris and tapetal anomalies was normal in other respects and apparently 
fully ftmct~ioning. (ilenetic data could not be obtained, nor cotdd breeding be tmdertaken. 

Da.ta on animals with black, spotting or marking--as distinct from the white spotting 
of the n.touse aud. the white coat of the cat--are  more plentiful. Black spotting is 
~minisccnt, of the harlequin pattern of the great Dane rather than the merling of other 
breeds of dogs considered. 

For the r ' $b i t  there are the extensive studies of Nachtsheim (1932, 1983 and 1935). 
Two types of d.'u'k marking are recognized, the flecked recessive type seen in tlie Dutch 
N~bit, and the patchy dominant type seen in the English rabbit. 'Wall  eye' is common 
lathe Dutch rabbit. English rabbits, even those that  arc almost white, show only dark 
~yes, whilst in the :Dutch rabbit wall eye is frequent. The fl'is discoloration in the Dutch 
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rabbit is proportional to lack of eolour in the coat, the rabbit tha t  is almost white al~ 
shows blue eyes or iris bieolor. I~[istologieally only the anterior mesodcrm.~l 1o- ~Ys 
. . . . . . .  ' -~yor of t 
lI1S', IS, d e v o i d  o f  . . . .  O010Ul, t h e  ]~3ostellOi~' ' �9 ectodermal' layels'~ of  t h e  o h o r o l d  le~'~ )alll. t]l~i~ ~i-  b8 

By crossing English with Dutch, the coat pattern is that  of the English ralph ~ i- g~e~t 
�9 �9 Y . . . . .  , ~ut tll wall eye of the Dutch variety now oeem's. Blue eye is also seen m the wh;~o ~. e 

In the horse wall eye likewise occm's constantly in the recessive type of piebald. It 
occm's only occasionally in the dominant  type and in self-colour (Xlemola, .L93L, 1938). 

Wall eye is said to occur in some 5-7 2/o of pigs (Dih'r, 1937 ; Xoby..L923. ]~i . . . . . . .  
�9 ~' ' "~,J.~51) 

I t  does not appear to be related to any particular coat pattern. I\![erlilt~ ut pigs is kn0wn 
from a s tudy by Haring & Schaaf (1951), but  there are no details on the state of the eyes. 
]~[erling is apparently the normal feature of the silver fox (tIolceck-]:[ollschowitz, 1837). 

Apart from the occurrence in mammals, there is a somewhat similar occ~rence in 
pigeons (Wriedt, 1930)�9 In these birds there is a factor reducing red colour to yellow, 
and black to grey. These yellow and grey pigeons when newly hatched arc deficien~ in 
down on their bodies, and such birds are almost naked if in addition to the colo~ dilution 
factor there is also the ' a lmond '  character (fl'regnlar spots on the separate feathers). 
Whilst the pigeons with the dilution factors tend to be weakly, those also having the 
' a lmond'  factor show considerable mortality. Ocnlar anomalies--some said to be simil~ 
to those seen in the white dog--also occur. 

The closest parallel to merling in dogs appears to be observed in man. The inheritance 
of white forelock as a dominant trait  is an old-established observation. There are also 
records of the dominant  inheritance of heterochromia iridum ; likewise there are rec0,de 
of the inheritance of deaf tourism in a dominant manner as an exceptional variant to ~he 
very much more common recessive mode of inheritance. The literatm:e COll.taill.8 references 
to the occurrence of heterochromia h'idum and partial albinism as complications of deaf 
tourism in man (tIammerschlag, 1907 ; and Urbantschitz, 1910), and a pedigree ex~ending 
over folLr generations has been published by Mende (1925); here deaf tourism was 
fl'equently combined with white patches on the skin, white forelock and. poliosis. Klein 
(1947, 1950) reported a most striking association of this type together with ex~eneive 
skeletal and muscnlar anomalies. The flfllest s tudy has come from Waardcnburg (1951), 
who has shown tha t  white forelock, heterochromia h'idum, deaf tourism, together ~d~h 
a malformation in the upper part of the face giving a lateral displacement of the medial 
canthi, blepharophimosis, prominent broad root of the nose, and growing together of the 
eyebrows at  their medial portions, constitute a definite syndrome inherited in a dominsn~ 
manner. ~u gives the different components as possessing differcnt pene~ra.n0e. 
White forelock has a penetrance of only 17 2/o, deaf tourism 20 2/o, alld. hetero0hr0i~ 

iridum 25 2/o. The subsidiary featm'es of the synch'ome are considerably more constant: 
growing together of the eyebrows was present in ~15 2/o, a broad root of the nose in 78~/0, 
and displacement of the puncti and canthi in 99 2/o of the fourteen families wi~h 16~ 
affected relatives of probands he studied. 

The available evidence suggests tha t  the gene for merling, and the anomalies associated 
with it, is probably present in several species besides the dog and man. ].f the genes i~ 
the dog and in ]nan are indeed corresponding factors, it would seem tha.t the heterozyg0aS 
state in the dog produces little more than a pleasant physiological w~.riant, whilst in m~n 
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�9 ~0dtlCeS one of the milder facial anomalies, but  may also give severe pathological 
i~i ~ . . . . . . .  inetiidinr* deaf mutism The homozv~ous dog is a grossly Datholouical 
dls~"~' The homozygous condition in man is not  known--unless the exceptionally severe a~la, i , .  . 

d I) ~ let( iu re )resents the homoz ous state a leading foi which thele is no 
cas~r~176 ) - - . .  . t ' ' " observatlonsYg " - recorded-- . . . .  other ' ~0r~ in t;he lamfl3 history. The partial  on species are too 
12~:~0 indicate whcther the gene is indeed present over a wide range of animals, and to 
ch0gher it is related to the albino series. 

SUNShinY 

l. ' Wail eye '---]?artial or total discoloration of the iris--is known bo occur frequently 
but itot constantly in dappled dachshunds, merled collies, and other merled breeds of 
dog, Observations are recorded on the dappled daehshtmd, the merled collie, and the 
m~led miniatm:e collie, showing tha t  in contrast  to the inconstant  iris anomaly the 
tapeNm of such animals is always anomalous. I t  is generally total ly lacking and when 
F0seat it; is rudimentary.  The anomalies of the tapetum are easily observed with the 

@~halmoscope. 
~. It is known that  the dappled or merled animal is heterozygous, and it  has been 

suggested t]tat there is a gene M responsible for merling. Evidence is brought forward 
to show that the gem' is intermediate in effect, independent from the allelic series for 
r colour, autosomal in location, and productive of gross oe~dar anomalies in the 
h0m0zygote, which also shows marked depigmentation of the coat and frequently deaf- 
~ss as well. In thc simplex state the gene is therefore product ive of 'physiological '  
variatioi~s, whilst in the duplex state its effects are pathological. 

3, Attention is drawn to somewhat similar oecttrrences in the great Dane, and to the 
possibility that a gcue of this type is widely distributed over different species. The 
r~lationship of the apl?earances seen in the dog to the syndrome described by  Waarden- 
burg in man is discussed. 

We are indebted to Miss M. I-Iill of West  Haddon,  ~ s  V. I~ipley of Weekley, Miss 
K, ?I. I~aine of Dartford,  Miss W. Riley of Torquay, and Miss M. g.  Osborne of Harriet-  
sham for their co-operation and help. 
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