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Populärvetenskaplig sammanfattning 

 

 

Det är inte sedan tidigare känt exakt hur, när och var tamkatten domesticerades. Traditionellt 
har teorier fokuserat på ett fornegyptiskt ursprung då ett stort antal ikonografiska, 
arkeologiska och historiska källor vittnar om den speciella betydelse katten hade i det 
fornegyptiska samhället. Det har också föreslagits att katten domesticerades långt tidigare, 
kanske i samband med de första jordbrukssamhällena i området kring den så kallade bördiga 
halvmånen i Mellanöstern.  
 
I denna studie samlades pälsprover in från Egyptiska tamkatter i syfte att på molekylär nivå 
jämföra de Egyptiska katterna med tidigare studier av katter från andra delar av världen. För 
att göra detta kartlades hela uppsättningen av det genetiska materialet som bara ärvs på 
mödernet (mitokondriellt DNA) för 22 av de provtagna kattindividerna. Den stora mängden 
genetisk information gjorde att resultat av tidigare studier kunde fastställas med större 
säkerhet men också att utvidgningar av tamkattslinjen kunde anas i både förhistorisk och 
historisk tid. Detta skulle kunna tolkas som att katten genomgått flera av varandra oberoende 
domesticeringar, möjligen både i yngre stenålderns Mellanöstern och i det faraoniska 
Egypten.  
 
Studien visar därtill på hur man på ett förhållandevis enkelt sätt kan utvinna långa sekvenser 
av sådant genetiskt material från katthår, en typ av vävnad som vanligen anses innehålla 
relativt lite och relativt trasiga DNA-molekyler. 
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1. Introduction 
Through its long history of interaction with man, the Domestic cat has become wide-spread and 

abundant while enjoying a unique position in the world’s societies today. Its origin has remained 

unknown and the question of how and when the cat became domesticated and spread has been a 

matter of discourse. Different archaeological and historical sources have been used as arguments for 

different theories, but none of those has proved to be totally satisfying of resolving the matter in 

question. Molecular and biochemical investigations to identify the ancestral species of the Domestic 

cat have been made1. The results show conclusively that the Domestic cat originates from Wildcats 

ranging in the area of the Middle East and Africa, but none of those studies have been able to pin-

point the exact location or time in history of one or several domestication events. 

Traditionally, Egypt has often been assumed to be the origin of the Domestic cat2, probably because 

of the abundance of iconographical and written sources that document the importance the cat had 

both in the Egyptian profane world and in the Egyptian religious sphere. Interestingly, there is no 

strong archaeological evidence to support the theory of ancient Egypt as the origin and the 

representation of material corresponding to the area of ancient Egypt in molecular analyses 

published thus far is rare. Thus the relatedness between the Egyptian Domestic cat and other 

Domestic cats of the world has not been satisfactorily explored.  

1.1. The Felidae Family 

In the order of Carnivora, the sub-order or super-family of cat-like carnivores (Feliformia) is divided 

(with some variation) into extant families such as the Herpestidae (mongeese and meerkats), 

Hyanidae (hyenas and aardwolves), Viverridae (genets and civets), Priodontidae (linsangs) 

Eupelridae (fossa and other small Malagasy carnivores) Nandiniidae (African palm civet) and Felidae 

(cats) (McKenna & Bell, 2000; Barycka, 2007; Agnarsson et al., 2010). The phylogeny of the Felidae 

family has, in turn, been resolved into eight major lineages: the Panthera lineage (leopards, lions and 

tigers), Bay cat lineage (bay cats and Asian golden cats), Caracal lineage (caracals and servals), Ocelot 

lineage (ocelots and kodkods), Lynx lineage (lynxes and bobcats), Puma lineage (pumas and 

cheetahs), Leopard cat lineage (Pallas cats and Asian leopard cats) and the Domestic cat lineage 

(Domestic cats and Wildcats) (Johnson & O'Brien, 1997; Mattern & McLennan, 2000; Johnson et al., 

2006). The age of the Felidae lineage has been estimated to 12-15 Myr (Johnson & O'Brien, 1997). 

The felids vary greatly in size from the small Black-footed cat (Felis nigripes) to the Great tiger 

(Panthera tigris) but they are all relatively uniform in characteristics and are easily recognized as 

cats: Most of the cats have a long tail that it uses for balance, the ears and the forward-facing eyes 

are generally large, the muzzle is short and surrounded by whiskers, the teeth are long and sharp 

and the tongue is distinctively rough. Cats are the most strictly carnivorous of the carnivores. The 

                                                           
1
 See e.g. (Collier & O´Brien, 1985; Davis, 1987; Masuda et al., 1996; Randi & Ragni, 1991; Driscoll et al., 2007)  

2
 See (Zeuner, 1963; Baldwin, 1975; Beadle, 1977; Kingdon, 1977; Ginsburg et al., 1991; Malek, 1993; Osborn & 

Osbornová, 1998; Clutton-Brock, 1999; Engels, 1999; Gautier, 1999; Sunquist & Sunquist, 2002; Yamaguchi et 
al., 2004) cited and discussed in e.g. (Bradshaw et al., 1999; Robinson & Vella, 1999; Wiseman et al., 2000; 
Germond & Livet, 2001; Randi et al., 2001; Pierpaoli et al., 2003; Randi, 2003; Vigne et al., 2004; Faure & 
Kitchener, 2009; Gifford-Gonzalez & Hanotte, 2011). 



 10   

needs to hunt and escape predation have made the felids extremely strong and flexible. Some of the 

felids belong to the fastest land animals. The felids can move in almost complete silence, they leave 

limited smell and often stay unrevealed3. Their forefeet have five toes and the hind feet have four 

toes. The claws are sharp and erectile, that is, they can be drawn out when needed. The coloration is 

usually adapted to camouflage the felid in its natural environment (Sunquist & Sunquist, 2002). 

1.1.1. The Felis 

The genus Felis corresponding to the felids of the Domestic cat lineage appeared approximately six 

Myr ago (Johnson & O'Brien, 1997) and is comprised of six extant small cat species. They are all 

relatively similar in appearance to the Domestic cat but vary in size from the small Black-footed cat 

(Felis nigripes) to the large Jungle cat (Felis chaus). The Wildcats inhabit different areas in Europe, 

Africa and Asia. Their habitats vary from deserts and savannahs to wetlands and open forests 

(Sunquist & Sunquist, 2002). Some of them, as the Sand cat (Felis margarita) and the Black-footed 

cat, are listed as having a threatened status (IUCN, 2011) partly because of human activities 

(Kitchener & Rees, 2009) resulting in habitat degradation and a decreasing number of individuals 

and populations. Mainly due to the attractiveness of their fur (Kitchener, 1991), all Felis species are 

listed by The Convention on International Trade in Endangered Species (CITES, 2011) in order to 

protect them from unregulated trade and threatened survival. Moreover, it is not uncommon that 

competition by feral Domestic cats causes extinction of local Wildcat populations (Nogales et al., 

2004; IUCN, 2011), especially on islands (Whittaker & Fernández-Palacios, 2007). Hybridization with 

Domestic cat (house cats and feral cats4) occurs more or less commonly and may also pose a threat 

for the survival of Wildcat populations (Bradshaw et al., 1999; Pierpaoli et al., 2003; Oliveira et al., 

2008a). Introgressive hybridisation with Domestic cats can affect the degree of conservation efforts 

dedicated to a specific Wildcat population (Wiseman et al., 2000; Daniels & Corbett, 2003).  

1.1.1.1. Phylogeny and Systematics 

Historically, many of the larger cat species were put into the genus Felis but were later removed to 

form their own genera (Kitchener, 1991; Sunquist & Sunquist, 2002). Today, a handful of small cat 

species remain (Masuda et al., 1996; Johnson & O'Brien, 1997; Mattern & McLennan, 2000; 

Wozencraft, 2005). The species of Felis and some relevant sub-species are listed in table 1. The 

phylogeny and systematics (and thereby taxonomy) of the small cats have not been consistently 

related with regards to the division of species into subspecies (Wozencraft, 2005). The discourse on 

taxonomical standards might seem arbitrary and unimportant but the designations of populations 

into sub-species or species can have crucial consequences for the direction of conservation efforts 

(Daniels et al., 1998; Daniels et al., 2001,; Gippoliti & Amori, 2006,; Oliveira et al., 2008a; O'Brien et 

al., 2009).  

Recently, the Wildcat (Felis silvestris) was suggested to be composed of five different groups (Driscoll 

et al., 2007). These consist of the subspecies: African wildcat (Felis silvestris libyca), the Asian wildcat 

(Felis silvestris ornata), the European wildcat (Felis silvestris silvestris), the Southern African wildcat 

(Felis. silvestris cafra) and the Chinese mountain cat (Felis silvestris bieti). Driscoll et al. (2007) 

suggest that the Chinese mountain cat group is the most divergent followed by the European wildcat 

while the lineage of the African wildcat, the Asian wildcat and the South African wildcat diverged 

                                                           
3
 Because of this behaviour, cats are sometimes associated with thieves in culture and indeed, in Sanskrit, the 

same word is used for both cats and thieves (Sunquist & Sunquist, 2002). 
4
 For definition of cat types see table 2. 
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more recently in an unresolved trichotomy. Yamaguchi et al. (2004) suggested that the African 

wildcat and the Asian wildcat are the closest related ones and that the European wildcat diverged 

earlier.  

The treatment of the African wildcat as a subspecies of the Wildcat (Felis silvestris) is supported also 

by Collier & O´Brien (1985), Ragni & Randi (1986), Essop et al. (1997) and Johnson & O'Brien (1997). 

Variant renderings of its name libyca as lybica occurs in the literature, however it is not clear 

whether this is due to an original misspelling or if there originally was an intention to distinguish 

between them (Wozencraft, 2005). 

As an alternate system, the Chinese Mountain cat, the European wildcat and the African wildcat may 

be considered as separate species resulting in the designations Felis bieti, Felis silvestris and Felis 

libyca with the Southern African wildcat and the Asian wildcat as subspecies to the African wildcat 

(Kitchener, 1991; Wiseman et al., 2000; Wozencraft, 2005; Lyons, 2008, Kitchener & Rees, 2009).  

Further, the Domestic cat has been shown to be derived from the Wildcat (Felis silvestris) (Pocock, 

1951; Davis, 1987) and more specifically, it has been claimed to be derived from the African wildcat 

by analyses of morphological (Ragni & Randi, 1986; Ginsburg et al., 1991; Yamaguchi et al., 2004), 

molecular (Masuda et al., 1996; Essop et al., 1997; Driscoll et al., 2007) and biochemical data (Collier 

& O´Brien, 1985; Randi & Ragni, 1991). Moreover, in the study of Driscoll et al. (2007) the Domestic 

cats were genetically indistinguishable from African wildcats sampled in the Middle East. 

Archaeological sources have also pointed to Felis silvestris libyca as the probable ancestor of the 

current Domestic cat (Zeuner, 1963; Baldwin, 1975; Todd, 1978; Clutton-Brock, 1999)5. 

A larger number of subspecies designations for the Wildcat and the other Felis species are found, 

mainly in older literature6. Those usually refer to regional variants although they may not always be 

genetically motivated and are due solely to recent gaps in the Wildcats’ distribution. Alternate 

designations for the Domestic cat are used seemingly arbitrarily or for practical reasons referring to 

the Domestic cat as a subspecies or as a separate species: Felis silvestris catus or Felis catus 

(Kitchener, 1991; Mattern & McLennan, 2000), a name originally given by Linnaeus for a blotched 

tabby Domestic cat (Robinson, 1984; Clutton-Brock, 1999) (Felis domestica or domesticus are not 

uncommon in older literature (Beadle, 1977)). Clutton-Brock (1999) and Driscoll et al. (2009) discuss 

the problematic nature of applying scientific binomials to domesticated mammals. The issue boils 

down to whether a domesticated species should be considered taxonomically identical with its wild 

ancestor or not. It could be argued that the Linnaean system of scientific nomenclature should not 

be applied at all to domesticated populations but since there is no other, generally accepted, 

international system for naming domestic forms of mammals, the traditional names are often 

referred to of convenience7.  

Felis silvestris libyca and Felis (silvestris) catus, or their abbreviated forms, are adopted, as suggested 

in Randi & Ragni (1991), as designations for the African wildcat and the Domestic cat respectively, in 

the rest of this text.  

                                                           
5
 However, a recent study by Agnarsson et al. (2010) places the Asian wildcat as a sister group to the Domestic 

cat, suggestive of a possibility that the Domestic cat originated solely from the Asian wildcat or from a 
combination of African and Asian wildcats. Cf. the discussion in Ginsburg et al. (1991). 
6
 See e.g. Pocock (1951). 

7
 Clutton-Brock (1999) uses Felis catus as the Latin name for the domestic cat. 
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The Domestic cat lineage is, in turn, split into a large number of breeds and non-bred cats. Most of 

the breeds are recent and appeared during the 19th and 20th century CE (Sunquist & Sunquist, 2002; 

Menotti-Raymond et al., 2008) as a result of human selection for aesthetic characteristics. Some of 

the recognized breeds though, are due to regional isolation of pet cats, house cats or feral cats. The 

Norwegian forest cat (Scandinavia) and the Manx (Isle of Man) are examples of such lineages and are 

referred to as natural breeds. Hundreds of breeds have been recognized historically (Kitchener, 

1991; Menotti-Raymond et al., 2008), 55 breeds are currently accepted by The International Cat 

Association (TICA, 2011). 

An attempt of reconstructing a phylogeny of a number of different breeds together with the genetic 

variation of a number of breeds is presented in Menotti-Raymond et al. (2008), but the hierarchical 

relationships between the breeds remain unclear. The authors give the recent divergence of the 

majority of the breeds as an explanation for the low support of their suggested phylogeny. Neither 

do the analyses in Driscoll et al. (2007) provide any strong support for the relative relationships of 

the different cat breeds included in their study. Lipinski et al. (2008) presents a study on the 

relatedness of a larger number of breeds and random-bred cats with different geographical origin. 

Their result also shows low support values for most of the branches in the phylogenetic tree but an 

overall pattern of four geographical clusters appears. The random-bred individuals group with 

breeds according to their supposed origin representing Western Europe, Asia, the area of the 

Mediterranean Sea and East Africa. American cats group with the cats of Western Europe confirming 

that American cats were introduced by European settlers. The group with the longest branches 

consisted of the Asian cats, the authors interpreted that as indicating an early introduction of the 

Domestic cat in Asia followed by a longer period of relative isolation of the group as a whole and of 

different breeds. 

1.1.1.2. Pre-adaptations for Domestication within the Felis 

The reason for why some animals have been domesticated by humans and others have not is a 

matter of discussion.8 Probable factors might be the particular needs of the human societies or the 

characteristics of the animal species themselves making them “domesticatable”. Obviously, the 

partial overlap or relative geographical closeness of the candidate species and human societies 

should be added as a critical factor. Cameron-Beaumont et al. (2002) examined the ability to 

become tame in captivity among a number of felid species and found that human-friendly behaviour 

appeared patchily but widely distributed within the Felidae. The results indicated that the individuals 

included in the study that represented the ocelot lineage showed the most affiliate and even tactile 

behaviour towards their human caretakers. The ocelots have never knowingly been domesticated9 

even though other animals in South America, where the ocelot ranges, have been10. Within the Felis, 

the most affiliate individuals were the Domestic cats and the African wildcats representing the Arab 

region (Felis silvestris tristrami). Neither of the two individuals of African wildcats representing 

southern Africa showed any affiliate behaviour. Only two out of 14 individuals representing the 

European wildcat showed any affiliate behaviour. The authors speculated on the possibility that 

those two actually were hybrids with Domestic cats having a wild-type pelage, although, Serpell 

(2000) and Robinsson & Vella (1999) notes that such hybrids usually exhibit behaviour that is similar 

                                                           
8
 See e.g. Diamond (2002) and Gifford-Gonzalez & Hanotte (2011). 

9
 Ocelots have been tamed though according to Faure & Kitchener (2009). 

10
 E.g. the llama (Clutton-Brock, 1999). 
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to its wild parent. Cameron-Beaumont et al. (2002) further note that the Sand cats showed relatively 

high level of affiliation towards humans and in that sense they could also be pre-adapted for 

domestication. The fact that the Sand cat lives in deserts, and far away from human settlements, 

may be the reason for why it has never knowingly been domesticated. Moreover, some of the Jungle 

cats showed affiliate and tactile behaviour and it has been speculated upon if it has ever been 

domesticated in Egypt or India (Clutton-Brock, 1999). Some of the Egyptian cat mummies at the 

British Museum of Natural History have been identified as Jungle Cats (Morrison-Scott, 1952, see 

below), which confirms that they at least have been managed by humans if not fully tame or 

domesticated. The Jungle cat can also hybridize with Domestic cats; today there is a recognized 

breed that is the result of such a cross11. The Asian wildcat did not stand out as relatively 

affectionate in the study of Cameron-Beaumont et al. (2002), but Ginsburg et al. (1991) cite a source 

that states that the Asian wildcat is indeed not fearful towards humans and is easy to tame. 

Cameron-Beaumont et al. (2002) conclude that since the tendency for tameness is distributed widely 

and patchily among the Felids and not concentrated to species closely related to the Domestic cat 

points to “a localized human need as being the primary reason for the domestication of F. s. libyca, 

rather than any special features of its behavioural biology” (p.365). Therefore is a tendency for 

tameness unlikely to account for the single domesticated species within the Felidae. Furthermore, 

the results of their study could also be used to support the identification of the African wildcat as the 

Domestic cats’ ancestor as opposed to the European wildcat since they showed substantially more 

human-friendliness. 

Serpell (2000) also brings forth behavioural evidence that makes the European wildcat an unsuitable 

candidate as the ancestor of Domestic cats by describing them as being aggressive and untameable, 

even if hand-reared as kittens. African wildcats though, tolerate proximity to human settlements and 

anecdotal evidence accounts for them being tameable. He also notes that the first generation of 

hybrids between Domestic cats and African wildcats tend to demonstrate domestic behaviour (also 

discussed in Beadle (1977)). The reasons for the remarkable difference in behaviour between 

European and African wildcats are unknown but Serpell (2000) points out that the periods of 

persecutions of the cat in Europe may have contributed to their tendency to wilder behaviour. If that 

is a reason though, it would invalidate the argument that the behavioural differences would not 

favour the European wildcat as ancestor because those known persecutions occurred in the Middle 

Ages (Engels, 1999), far later than the proposed time(s) of the first domestication(s). 

Smithers (1968) gives a lengthy description of African wildcats and Domestic hybrid cats that were 

kept as pets. It is evident from his account that they were very similar to ordinary house cats. They 

are described as easy to tame, “house-trained” and “super-affectionate”, though highly attention 

demanding, fearless of their owner, territorially minded and did not always get along with other 

animal companions on the farm. 

Faure & Kitchener (2009) reviewed the literature of evidences of taming throughout the Felidae 

correlated to the pre-adaptive behaviour. They state that 38% of the felid species have indeed been 

tamed in ancient times, but the spread of the Domestic cat eventually replaced the need for other 

                                                           
11

 The Chausie breed was established in the late 20
th

 century by crossing Jungle cats with Domestic 
(Abyssinian) cats. Historical accounts though describe what is probably Jungle cat hybrids and it is likely that 
they have existed far earlier since such hybridisation between the two species can occur in nature (TICA, 2011; 
Robinson & Vella, 1999; Baldwin, 1975). 
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cat species that might have been too difficult or impractical to breed and keep in captivity. Their 

conclusion is in general the same as in Cameron-Beaumont et al. (2002); human-friendliness and 

tendency to tameness is distributed in a majority of the felid lineages, but taming has been limited 

to the species and areas in which the human societies had a “predisposition” for domesticating (such 

as culture and need).  
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Scientific Name Common Name Size Geographical Range Characteristics and Appearance Behavioural Traits Comment 

Felis silvestris Schreber 

1777 

Wildcat  Europe, Africa and Asia  Pale yellow to medium-brown fur, black 

stripes or spots, can be difficult to 

distinguish from Domestic feral cat 

Extremely wary of humans, "wild" 

temperament, solitary, obligate carnivore 

A large number of 

named subspecies 

occur in the literature 

Felis s. 

silvestris 

Schreber 

1777 

European 

wildcat 

3-6 kg Central and southern 

Europe  

Thick, dark fur, grey to mid brown, dark 

tabby markings, bushy and blunt-ended 

tail 

Diurnal, interbreeds with Domestic cat A handful of regional 

variants occur in the 

literature 

F s.ornata Gray 1830 Asian wildcat or 

Indian Desert cat 

2-5 kg Asia, mainly India and 

Pakistan 

Pale yellow fur with black spots and 

stripes, white on the belly 

Nocturnal, breeds in wintertime Sometimes considered 

as a subspecies of the 

African wildcat 

F.s.cafra Desmarest 

1822 

Southern African 

wildcat 

2-6 kg Africa south of the 

Equator 

Reddish-brown colour on back of the ears, 

the belly and hind legs, striped back and 

ringed tail  

Nocturnal, tameable but less docile than 

Domestic cat, may interbreed with 

Domestic cat 

Sometimes considered 

as a subspecies of the 

African wildcat 

Felis s. libyca            

Felis libyca 

Forster 1780 African wildcat 3-6 kg Africa, the Middle East 

until Iran 

Slender body, longer limbs, shorter hair,  

lighter sandy colour, dark red colour on 

the back of the ears 

May breed year round, interbreeds with 

Domestic cat, nocturnal, relatively docile , 

may hunt in group 

A handful of regional 

variants occur in the 

literature 

Felis s. bieti               

Felis bieti    

Milne-

Edwards 

1892 

Chinese 

Mountain cat  

6-9 kg China Sand-coloured fur, the underside is 

whitish, legs and tail bear black rings, 

otherwise like the Wildcat 

Mainly nocturnal, behavior largely 

unknown 

Sometimes considered 

as a separate species 

Felis s. catus            

Felis catus 

Linnaeus 

1758 

Domestic cat Varies 

with 

breed 

World-wide Varies with breed, non-bred cats and 

hybrids can be visually undistinguishable 

to wild cats 

Varies with breed, can be tame (generally 

human-friendly) or feral, breeds year round 

Sometimes considered 

as a separate species 

Felis chaus Schreber (?) 

1777 

Swamp cat  or 

Jungle cat or 

Reed cat 

7-12 kg Egypt, Middle East 

through Asia until 

southeast China 

Larger than the Domestic cat, long legs, 

short tail, resembles a lynx, yellowish-grey 

to reddish-brown or tawny-grey fur 

Good climber, solitary, diurnal, sometimes 

two litters per year, hybridises with 

Domestic cat resulting in the breed Chausie 

Several named 

subspecies occur in the 

literature  

Felis margarita Loche 1858 Sand cat  or 

Sand Dune cat 

1.5-3.5 

kg 

North Africa, Middle 

East until southern 

central Asia  

Small and compact with shorter legs, feet 

pads covered with a cushion of long hair, 

large and broad ears 

Strictly nocturnal, mostly solitary, loud 

barking, fearful but can show affiliate 

behavior towards human in captivity 

A handful of regional 

subspecies occur in the 

literature 

Felis nigripes Burchell 

1824 

Black-footed cat  

or Small-spotted 

Cat 

1.5-3 kg South-west arid zone of 

the southern Africa  

Cinnamon-buff to tawny fur, black or 

brown spots and rings , the pads and 

undersides of the feet are black 

Solitary, strictly nocturnal, poor climber, 

highly unsociable and fearful, loud calls and 

barking 

Two regional 

subspecies occur in the 

literature 

Table 1 Cat species in the Felis genus, the information has been inferred mainly from Kingdon (1977), Kitchener (1991), Sunquist & Sunquist (2002), Hoath (2003), Ali Khalaf-von Jaffa (2006), IUCN (2011) 

.
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1.2. The Cat as a Domesticated Animal 

1.2.1. The Domestic Cat  

Due to its massive potential to reproduce, its considered usefulness as a rodent killer and its 

enormous popularity as a pet, the Domestic cat has become numerous and spread to practically all 

parts of the world (Engels, 1999; Fitzgerald & Turner, 2000; Sunquist & Sunquist, 2002). Because of 

large litters (average litter consisting of four kittens), frequent breeding (sometimes more than once 

a year) (Sunquist & Sunquist, 2002) and an early age of female sexual maturity (7-12 months 

(Sunquist & Sunquist, 2002), or as early as 5 months (Engels, 1999)), a cat population can potentially 

grow and expand very quickly if the resources and habitats were not limited12. The Domestic cat is 

cherished in millions of households as one of the most popular pet animals13. Moreover, the 

Domestic cat has and has had a very important role in human agrarian societies because it has the 

ability to decimate rodents that feed from crop storages. Engels goes so far as to say that the 

Domestic cat “has played a fundamental role in the development of European and indeed Western 

civilization” (1999, p.1). He further argues that human populations through the millennia have 

survived thanks to the cat by avoiding starvation and diseases. By counting how much food a rat 

could potentially eat and spoil annually and multiplying with how many rats a cat could kill per year, 

Engels (1999, p.17) estimates that a single cat individual could prevent the potential destruction of 

250 tons of human food supplies per year(!). Moreover, the cat has also played a substantial role in 

culture, folklore and religion through antiquity, the Middle Ages and still does today. In yet another 

role in the use of humans, the Domestic cat has emerged as a model species for studying heritable 

diseases and infections (Lyons, 2008; O'Brien et al., 2008). In addition, shed fur of a cat can 

potentially be informative in forensics (Menotti-Raymond et al., 1997; D’Andrea et al., 1998; Grahn 

et al., 2011; Tarditi et al., 2011). 

1.2.1.1. Classifications  

The Domestic cat occupies different ecological niches around the world. The different kinds of 

Domestic cats ranges from human-friendly indoor pet cats that are completely supported with 

regards to food and shelter by a human owner, to free ranging feral cats, partially or totally 

independent of humans and might even be fearful thereof. A number of different designations to 

describe the lifestyles and roles a Domestic cat can exhibit occur more or less commonly. Bearing in 

mind that such terms are often ambiguous and that the descriptions can be overlapping, a selection 

of them is presented in table 2. 

The different kinds of Domestic cats can be classified in two major ways: 

Firstly, they can be divided according to their lifestyles and relations with humans resulting in the 

terms “house cats” and “feral cats”. House cats have a more or less defined association to one or 

several households and may be dependent on their owner(s) for food and shelter. Feral cats, on the 

other hand, may live totally independent of humans. They are usually self-sufficient with regards to 

food through hunting. They may also feed from human wastes or occasional feeding when roaming 

                                                           
12

 Cf. Engels (1999) who gives a numerical example of a breeding (theoretical) pair of cats which after five 
years, without limitation in resources has produced more than 300 000 offspring. 
13

 The world-wide population of Domestic cats probably counts in hundreds of millions individuals. Turner and 
Bateson (2000) refer to numbers exceeding 100 million for the European countries and USA alone. Driscoll et 
al. (2009, p.9977) estimate a total number of “nearly 1 billion”. 
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around settlements. Alternatively, feral cats may live all their life far from villages and towns and in 

complete absence of human contact. Such ferals have a lifestyle corresponding to that of sympatric 

Wildcats. It is important though, to remember that even if they exhibit “wild” behaviour they are not 

Wildcats in this context since all feral cats originates from the Domestic cat lineage (which Wildcats 

e.g. the European wildcats) do not.  

Table 2 Classification of different kinds of Domestic cats, information based on Engels (1999) and Liberg et al. (2000).  

Secondly, Domestic cats can be divided into non-bred cats and breed cats. The mating of non-bred, 

or random bred (mongrel), cats is primarily not controlled by humans, while cat breeds have 

appeared through artificial or natural selection and are defined by breed-specific characteristics. 

Moreover, the classifications are not mutually exclusive; a breed cat may live as a feral cat et.c. 

1.2.1.2. Cat Breeds 

Most cats are non-bred cats with fairly similar appearances, usually as shorthaired tabbies with 

agouti pelage (Sunquist & Sunquist, 2002) resembling of slightly smaller European wildcats. The non-

Designation Life style and habitat description Owned 
Human-dependency for 

Food 

Human-
dependency for 

Shelter 

House cat 
Cat that lives in close connection with 
people and their homes 

Yes 
Completely or partially 

dependent 

Completely or 
partially 

dependent 

Pet cat 
House cat that lives intimately linked to its 
owner(s) and fulfils a social role as a 
member of the owners household 

Yes 
Completely or partially 

dependent 

Completely or 
partially 

dependent 

Breed cat 
(Pet) cat belonging to an specific 
intentional or natural breed 

Yes 
Dependent or 
independent 

Dependent or 
independent 

Indoor cat 
House cat that spends all or most of its 
time inside the owners home 

Yes Completely Completely 

Barn cat 
House cat that is not allowed inside its 
owners home but restricted to other 
buildings, can be semi-feral 

Yes 
Completely or partially 

dependent 

Completely or 
partially 

dependent 

Farm cat Cat that lives on an agricultural farm Yes 
Partially or completely 

independent 
Dependent 

Feral cat 
Cat that is not attached to any particular 
household 

No 
Partially or completely 

independent 

Partially or 
completely 

independent 

Semi-feral 
cat 

Cat connected to one or several 
households but lives most of its time away 

Semi-
owned 

Partially or completely 
independent 

Partially or 
completely 

independent 

Town / 
village cat 

Semi-feral cat connected to human 
settlement but no specific household 

No 
Partially or completely 

independent 

Partially or 
completely 

independent 

Ship cat 
Lives onboard a ship deliberately or 
unintentionally brought on by humans as 
rodent-killer or lucky charm 

Yes/No 
Dependent on ship load 
or intentional feeding 

from humans 
Dependent 
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bred cats’ pelage pattern can be divided into 1) striped tabby, 2) blotched tabby, 3) non-agouti or 

black and 4) sex-linked orange (Clutton-Brock, 1999). Todd (1978) studied how the frequencies of 

those phenotypes vary throughout Europe, North Africa and western Asia and was able to establish 

cline maps showing their distributions. For example, blotched tabbies are more common in areas of 

high human population densities. That could be explained by the association of the gene for 

blotched tabby is correlated with more placid and less fearful behaviour and had thus been selected 

for in such regions. Orange cats are more unusual and have highest frequency in Southeast Asia. A 

conclusion could be that this gene mutation did not originate in the progenitor population but 

appeared locally after the spread of Domestic cats and have diffused into Europe from the east. 

Breed cats constitute a small fragment of the world-wide population of Domestic cats though 

exhibits a far greater range in appearance than the non-bred cats. In stark contrast to most domestic 

animals14, cats have been bred for aesthetic reasons instead of being subject to artificial selection on 

the grounds of utility for humans. Lyons (2008) refers to “seven ancient mutations” that were 

evident before the ascent of breeds. Those are melanism (agouti), dilution, long fur, orange, white 

spotting, the classic tabby markings and dominant white. Such mutations affect the phenotype with 

regards to pelage coloration, patterning or length (Robinson & Vella, 1999; Menotti-Raymond et al., 

2008) and were likely to be the focus of early human selection and are also distinguishing of modern 

breeds (Lyons, 2008). The genes, gene regions or candidate genes have been determined for a 

majority of those (Eizirik et al., 2003; Grahn et al., 2005; Lyons et al., 2005a; Lyons et al., 2005b; 

Schmidt-Kuntzel et al., 2005; Cooper et al., 2006; Ishida et al., 2006; Lyons et al., 2006; Kehler et al., 

2007). Moreover, breeding has also occurred to enhance the shape and colour of the eyes, the 

shape of the face and the size of the body. Unfortunately, human selection for desired aesthetical 

traits has also resulted in unwanted anomalies and disorders (Lipinski et al., 2008). The all-white cat 

provides an excellent example: Although highly esteemed by humans, the frequency of all-white cats 

is relatively low; this is explained by side-effects of the gene in question such as deafness, problems 

in reproduction and elevated morbidity (Robinson, 1984). Severe health problems associated with 

different breeds have even resulted in advices against continued breeding (Rochlitz, 2000; Gunn-

Moore et al., 2008). 

Apart for those breed characteristics, cat breeds are relatively uniform compared with e.g. dog 

breeds (Beadle, 1977). Many of the breeds are single-mutation variants of natural breeds. The total 

number of recognized breeds varies between different cat fancy organisations (cf. TICA (2011) TCF 

(2011)) partly because they use different definitions to discriminate breeds from breed variants 

(Lyons, 2008). Other breeds are the result of hybridisation between established breeds or even 

Domestic cat breeds crossed with wild felid species. The latter category is exemplified by cat breeds 

as the Chausie (Domestic cat x Jungle cat), Bengal (Domestic cat x Asian leopard cat (Prionailurus 

bengalensis)) and Savannah (Domestic cat x Serval (Leptailurus serval)) (TICA, 2011). Although, the 

suitability of those and more recent experimental, inter-specific, breeds as domestic pets is 

questioned, both with regards to the human owner and to the felid individual itself. 

1.2.1.3. The Domestic Cat and its Wild Relatives 

As discussed above, all of the Wildcats (Felis silvestris) are closely related as subspecies or sister 

species (depending on what classification system is used, see the section 1.1.1.1.). Estimates of the 

                                                           
14

 See e.g. Clutton-Brock (1999). 
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divergence time between the European and African wildcats have been made. Randi and Ragni 

(1991) calculates that split to as recent as 20 000 years ago under the assumption that the cat was 

domesticated 4000 years ago. Later studies have suggested much earlier dates; 50 000 years ago 

(Yamaguchi et al., 2004) or approximately 200 000 years ago (Driscoll et al., 2007).  

In many areas, feral Domestic cats live sympatrically with other small felines. As already briefly 

mentioned above, Domestic cats can and do hybridise with Wildcats15 and produce fertile offspring 

both in captivity and in wild state (Heptner & Sludskii, 1992; Hubbard et al., 1992; Robinson & Vella, 

1999; Serpell, 2000; Beaumont et al., 2001; Randi, 2003; Oliveira et al., 2008a). However, 

hybridization between European and African wildcats has not been observed according to Heptner & 

Sludskii (1992), probably because their ranges do not normally overlap. Although, Zeuner (1963) 

refers to transitional forms occurring on Mediterranean islands. 

Except for coat colour variability, the domestication of the cat did not drastically change its 

morphology and if the selection for coat colour is relaxed, the wild type pelage would probably 

reoccur (Daniels et al., 2001). 

These three factors (recent split, hybrids and small morphological divergence) can make it difficult to 

correctly identify feral Domestic cats from Wildcats or hybrids (Driscoll et al., 2009). 

1.2.1.3.1. Characterisation Schemes 

Diagnostic criteria have been suggested to describe morphological features that could discriminate a 

Wildcat from a Domestic cat individual. Criteria traditionally referred to are summarized below: 

The African wildcat sounds and behaves similar to a large Domestic cat. Its pelage is faint or distinct 

tabby-type. It may be distinguished from Domestic cats by: 

 Rich red colour on the back of the ear (Smithers, 1968; Essop et al., 1997; Wiseman et al., 

2000; Sunquist & Sunquist, 2002) 

 Long, slender legs (Essop et al., 1997; Engels, 1999; Wiseman et al., 2000; Sunquist & 

Sunquist, 2002) and a subsequent more upright pose in the sitting position (Sunquist & 

Sunquist, 2002) 

 Characteristic markings on body and tail (Engels, 1999; Wiseman et al., 2000) 

Crosses between the African wildcat and the Domestic cat usually have a dark grey or black colour at 

the back of the ears, only occasionally a small amount of red at the base of the ears (Sunquist & 

Sunquist, 2002). 

The European wildcat has a characteristic darker tabby-type fur, it may be distinguished by: 

 Larger and, in appearance, more heavily-built than the Domestic cat (Zeuner, 1963; Daniels 

et al., 1998; Sunquist & Sunquist, 2002; O'Connor, 2007;) 

 Broader, slightly larger, head, different shape of the skull and flat face (Zeuner, 1963; 

Bökönyi, 1974; Sunquist & Sunquist, 2002) 

 Pelage colorations and markings (Bökönyi, 1974; Balharry et al., 1994; Daniels et al., 2001) 

                                                           
15

 For European wildcats see Heptner & Sludskii (1992), Daniels et al. (1998), Bradshaw et al. (1999), Beaumont 
et al. (2001), Pierpaoli et al. (2003), for African wildcats see Smithers (1968), Osborn & Helmy (1980), Heptner 
& Sludskii (1992) and Clutton-Brock (1993). 
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 Lesser intestine length (Bökönyi, 1974; Daniels et al., 1998) 

 Lesser gap between the canines and the premolars in the lower jaw than in the Domestic cat 

(Zeuner, 1963; Bökönyi, 1974) 

 The soles of the hind feet is white compared with black in the African wildcat and the 

Domestic cat (Zeuner, 1963) 

 Different tail length than the Domestic cat (Bökönyi, 1974; Daniels et al., 1998) 

Daniels et al. (1998) evaluated such criteria and found that a lot of them were too ambiguous and 

overlapping to be of use when trying to identify Wildcats from Domestic cats. In a large sample of 

cats previously identified as wild/domestic by pelage characteristics, only the two factors gut and 

limb length were able to separate the individuals into two groups: The first group had short 

intestines and long limb bones, the second had long intestines and short limb bones. Although the 

individuals in the first group exhibited characteristics similar to those usually associated with 

Wildcats; skull sizes, pelage and coloration patterns varied more greatly than what is traditionally 

described. Thus, their study confirmed the difficulty to correctly identify Wildcats from Domestic 

cats due to variation and overlap of most of the characters usually referred to. Although, Reig et al. 

(2001) were able to confirm the division of the two groups by an extensive examination of skull 

morphometry characters. Randi et al. (2001) used molecular methods to discriminate Domestic cats 

from hybrids and Wildcats and showed that they do form distinct groups but that not all individuals 

previously identified according to morphology were correctly assigned. 

Related to the Wildcat (Felis silvestris) is the Jungle cat (Felis chaus) which fairly resembles a 

Domestic cat but is quite easily identified. The Jungle cat has a faint yellow-brown fur, robust claws 

and is distinguished by (Hoath, 2003): 

 Larger size than the Domestic cat 

 Elongated muzzle 

 Robust claws 

 Tufted ears 

1.2.1.3.2. Problem of Hybridisation 

Hybridisation between Domestic cats and Wildcats has led to fear that Wildcat populations would be 

exposed to genetic dilution with the result that “pure” Wildcat populations, to be used in 

comparative studies, would no longer exist (Heptner & Sludskii, 1992; Wiseman et al., 2000; 

Beaumont et al., 2001; Randi, 2003). Concerning African wildcats, Smithers (1968) notes that pure-

bred cats near of settled areas are rare. Hybridisation and subsequent gene flow between wild and 

feral domestic species is a critical conservation problem for some threatened species (Oliveira et al., 

2008a; O'Brien et al., 2009). Molecular methods have been used is several studies to assess the 

degree of admixture in Wildcat populations, mainly in Europe. The results show that gene flow 

mainly occurs from Domestic cat to Wildcat populations and that the extent thereof shows a lot of 

regional differences; 

 In Britain, the Scottish wildcat (sometimes referred to as Felis silvestris grampia) is the only 

remaining Wildcat population. The threat of its extinction has long been debated (Hubbard 

et al., 1992; Kitchener et al., 2005). A relatively high degree of cross-breeding has been 
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noted (Beaumont et al., 2001; Randi et al., 2001) and confirmed by morphometry 

(Yamaguchi et al., 2004). 

 Hybridisation is also extant in Hungary (Pierpaoli et al., 2003; Lecis et al., 2006; Oliveira et 

al., 2008a) and South Africa (Yamaguchi et al., 2004) but compare (Wiseman et al., 2000). 

 In Italy, on the other hand, cross-breeding seems to be rare (Randi et al., 2001; Lecis et al., 

2006) as well as in France, where Domestic and Wildcat populations have been shown to be 

clearly differentiated (O'Brien et al., 2009). 

 The degree of hybridisation in Germany has been shown to vary significantly with region 

(Hertwig et al., 2009). 

The different extents of hybridisation between different regions is likely to de due to different 

degrees of habitat destruction e.g. deforestation (Krüger et al., 2009). When Wildcat populations are 

forced closer to areas of human settlements and activities, the chances of encounters with feral 

Domestic cats are greater. 

1.2.1.4. Definition of Terms and Domestication Criteria 

It is important to make a distinction between the nouns domesticate and domestic, even though in 

most contexts they are used interchangeably. While the former should only be used for species that 

are considered to have gone through a domestication process, the latter may refer, in its strictest 

sense, to anything connected to a household. To find a definition and characterizing criteria for what 

it means for a species to be classified as domesticated is not straight-forward. Formal definitions 

may be too narrow and exclude species normally considered as domesticates while general 

definitions might be not specific enough16.  

Out of a larger group of animals that have lived sympatrically with humans in pre-history and history, 

only a few mammals have been domesticated17. The qualities of the animal species themselves, their 

native ranges or the needs and culture of the human societies have been suggested as explanations. 

Diamond (2002) argues that the limiting factor would firstly be the characteristics of the mammal 

species themselves, although compare with the arguments of Cameron–Beaumont et al (2002) for 

feline behaviour18. Diamond (2002) refers to examples as the repeated domestications of certain 

species, the early domestications of the most valuable mammals (sheep, goat, cow, pig and horse), 

the failure of modern attempts of domesticating new species and the rapid acceptance of human 

societies of domesticated mammals when introduced from outside. Characteristics of species that 

have undergone domestication are summarized below (adapted from Clutton-Brock (1999), 

Diamond (2002) and Driscoll et al., (2009) : 

 Adaptable to new conditions such as change of diet 

 Able to live crowded in captivity and lack of fearfulness 

 Able to breed in captivity with a relatively rapid growth rate 

 Human-friendly behaviour (as discussed above) 

                                                           
16

 Russel (2002) gives a comprehensive analysis of the different usages of definitions and terms and comes to 
the conclusion that the different emphasis put into suggested definitions in general reflects the definers’ view 
of the relationship between nature and culture and the place of humans with respect to nature. 
17

 Diamond (2002) counts 148 species of terrestrial mammalian herbivores weighing 45 kg or more of which 14 
have been domesticated. Compare with the hundred of plant species out of approximately 200 000 wild 
species of higher plants, that have become domesticated (Diamond, 2002). 
18

 See the discussion in section 1.1.1.2. 
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 Easily controlled and tended for 

 Social behaviour and acceptance of hierarchical leadership  

Moreover, the domestic animals fulfil a need for the human societies in which they were 

domesticated. They provide food, fur, transportation, hunting aid, pest control and/or 

companionship and amusement. 

In this context, the term tame is often encountered, which refers to individuals who have adapted to 

human companionship and exhibits docile and submissive behaviour towards their human owner, 

sometimes in a way resembling of some domesticated animals. Although, such tame animals do 

usually not breed in captivity. It is important to remember that tame animals may not develop into 

domesticates even if reared during longer periods of time (Gifford-Gonzalez & Hanotte, 2011). 

Indeed, Russell considered taming as “...a relationship between a particular person and a particular 

animal without long-term effects beyond the lifetime of that animal” (2002, p.286) (emphasis added 

by author). 

There are many examples from history and modern time of taming of animals that are clearly not 

domesticated. In ancient Egypt, particularly in the Predynastic and Early dynastic times, a range of 

animal species were kept as curiosities for status or ritual reasons19. Many animals are portrayed as 

tamed in ancient Egyptian depictions (Zeuner, 1963). Amongst others; monkeys, geese, birds and 

infrequently gazelles, were kept as pets together with the more common Domestic cats and dogs 

(Clutton-Brock, 1993; Houlihan, 1996; Germond & Livet, 2001; Van Neer et al., 2004; Strandberg, 

2009). At the important site of Hierakonpolis (Upper Egypt), remains of what could be interpreted as 

royal zoological gardens have been discovered (Friedman, 2004; Van Neer et al., 2004). Zoo animals 

in modern times often develop human-friendly behaviour in the same way as non-domesticates, e.g. 

rodents and reptiles can be kept as pets. Anecdotal accounts describes how hunter-gatherer 

societies used to keep young mammals such as bear cubs and birds and reared them as if they would 

have been human babies20. Clutton-Brock (1999) even states that all young mammals can be tamed 

when nurtured under the right conditions. In the same way as non-domesticates can be tame, 

domestic animals may not be tame, Driscoll et al. (2009) gives a Spanish fighting bull as an excellent 

example. 

The term wild, on the other hand, is sometimes used as an opposite to both domesticate, domestic 

and tame and is characterized by fearfulness towards humans. Such definition is problematic though 

since that kind of fearfulness may only be developed in areas where the wild animal has experienced 

contact with humans (Clutton-Brock, 1999). 

Examples of definitions of a domesticate;  

”...one that has been bred in captivity for purposes of economic profit to a 

human community that maintains total control over its breeding, organization 

of territory and food supply.” (Clutton-Brock, 1999, p.32) 

                                                           
19

 A summary is presented in Smith (1969). 
20

 See examples in Clutton-Brock (1999). 
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“By a domesticate, I mean a species bred in captivity and thereby modified 

from its wild ancestors in ways making it more useful to humans who control 

its reproduction and (in the case of animals) its food supply.” (Diamond, 2002, 

p.700) 

and of domestication: 

“to adapt to life in intimate association with and to the advantage of man”     

(Lyons, 2008, p.42) 

“that process by which a population of animals becomes adapted to man and 

to the captive environment by some combination of genetic changes occurring 

over generations and environmentally induced developmental events 

recurring during each generation”  (Price, 2002) 

“the process whereby the reproduction of a deme (i.e. local sub-population) of 

animals or plants is appropriated and controlled by human society for 

material, social or symbolic profit” (Vigne, 2011) 

“a micro-evolutionary process during which animals are removed from their 

community in the wild and forced to reproduce and live under man’s control 

for the latter’s benefit”  (Gautier, 1999) 

The factors characterizing domestication can be summarized as followed (derived from Clutton-

Brock (1999)): 

 Domesticated animals breed in captivity 

 Total human control over reproduction 

 Reproductive isolation from wild progenitor population 

 Natural selection on traits favourable in captivity 

 Artificial selection by humans for desired traits based on economical, cultural or aesthetic 

reasons. 

Domestication causes changes in the behaviour and morphology of the bred population. Those 

changes are due to bottleneck effects, genetic drift, inbreeding as well as natural and artificial 

selection. There is a pattern of changes that is similar between the different species of domesticates 

(mammals) and is sometimes used as a scheme for diagnosing domestication in a specific species or 

individual. Some of the general effects in mammals are listed below (largely adapted from Clutton-

Brock (1999), Driscoll et al. (2009) and Vigne (2011)): 

 Shortening of the jaw and face 

 Deposition of fat under the skin and around muscles in contrast to wild animals where 

surplus fat is stored around organs 

 Shorter or curled tail, soft and floppy ears (some breeds of dogs, cats and pigs) 

 Submissive behaviour 

 Change in relative proportions of body part sizes 
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 Reduction in body size 

 Smaller brain size (cranial capacity) 

 Less acute sense organs 

 More differentiated pelage coloration and fur types 

 Elongated or specially formed horns (artificial selection) or decreased horns (relaxed 

selection) 

 Docile or “friendly behaviour”, tolerance of human proximity 

 Changes in reproductive cycle 

 Changes in the population’s demographical composition 

A group of changes that are general among the domesticated mammals are due to retention of 

juvenile features (neoteny). This means that characteristics of a young animal are kept into adult life. 

Examples of such features are those that concern the shape of the face and body and submissive 

behaviour. Another group could be classified as due to relaxation of selective pressures that the wild 

progenitor is normally put under. Such traits are smaller brain size, change of pelage colour and 

patterning and decreased precision of senses. The last major group consists of changes that are due 

to the selective pressure the population is put under in captivity and active selection by the human 

owners for desired traits.  

1.2.1.5. The Domesticated Status of the Cat 

Following the criteria and definitions above, one arrives at the question Is the Domestic cat a 

domesticate? The answer is not straight-forward and various conclusions have been drawn based on 

different sub-sets of evidences. The Domestic cats do fulfil several of the suggested criteria but fail 

on others: 

Firstly, to examine the traits of the Domestic cat’s progenitor species, the African wildcat, one finds 

that it does exhibit “human-friendly” traits and that it is relatively easy to tame (as discussed above). 

On the other hand, felines require a highly specialized diet that that makes them far from easily 

adaptable to new nutritional conditions. The felines need food with high protein content containing 

relatively high levels of arachidonic acid, niacin, vitamin A, cysteine, methionine and taurine 

combined with a frequent intake of arginin (Morris & Rogers, 1978; Goodwin, 1996; Bradshaw et al., 

1999; Zaghini & Biagi, 2005). Feeding on human food solely is thus not sufficient or at least not 

anywhere near ideal. Indeed, many pet cats do hunt occasionally and house cats usually exhibit 

highly selective food preferences (Goodwin, 1996). Moreover, the Wildcat also fails with great 

emphasis on the last condition, namely to be a social species. Most felids are highly solitary and 

territorial minded animals that are asocial for most of their life except for at the time of breeding, 

motherhood or as kittens (Beadle, 1977; Bradshaw et al., 1999; Clutton-Brock, 1999; Liberg et al., 

2000). However, if viewing the domestication as a process in which the animals becomes more like a 

youth in behaviour and appearance, the last aspect may be explained by the fact that kittens are 

social. 

Secondly, by looking at the characteristics of the domestication status itself, one finds that the first 

factors listed above do not apply to the majority of the Domestic cats which are non-bred cats. For 

those cats, humans have no or little control over their reproduction (ignoring occasional prevention 

methods). What is essential though is that their mate choice is usually not managed by humans, nor 

is the time or frequency for breeding. The Domestic cats are not reproductively isolated from its wild 
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progenitors since house cats and feral cats can and do interbreed with Wildcats in areas where 

Wildcats occur. 

However, the Domestic cat has been subject to selection pressure related to domestication. As an 

example, Domestic cats exhibit greater length of the intestines than Wildcats to cope with less 

carnivorous diet (Kitchener, 1991). Moreover, selection has been opposed on the cats by humans for 

aesthetic traits and desired behaviours. 

Finally, one can observe that there are changes in the behaviour and morphology in the Domestic 

cat compared with the Wildcat according to the list above. That would indicate that domestication 

actually has occurred but that the changes are not in extent comparable to those observed in other 

domesticated species. Lipinski (2008) explains this difference as due to a lesser need to put the cats 

under selective pressure since the mere acceptance of feral cats in the outskirts of villages with its 

positive impact on rodent control has been sufficiently efficient. The Domestic cats do retain some 

juvenile appearance and behaviour making it more docile than the African wildcat which is not as 

easy to tame. Moreover, it exhibits to some extent shorter legs, different skull shape, shorter face 

and have a more rapid rate of reproduction. The body size and brain size is generally smaller and the 

gut length greater as already noted (Zeuner, 1963; Beadle, 1977). The Domestic cat is polyestrous 

which is given as an example of an effect of the domestication (Driscoll et al., 2009), however, the 

Wildcat (at least the African wildcat), may also breed several times per year (Smithers, 1968; 

Kingdon, 1977; Sunquist & Sunquist, 2002). 

As a solution to the issue, different authors have come up with different designations for the status 

of the human-cat relationship by avoiding the division of the domesticated/non-domesticated terms. 

 O’Connor (2007) avoids the issue of domestication by referring only to “house cats” such as 

“...the generally smaller ecomorph that associates itself with human settlements,...” 

 Bradshaw et al. (1999) refer to the Domestic cat as “partially domesticated” as it possesses 

free mate choice and notes that only members of cat breeds, whose reproduction is 

controlled and are subject to strong artificial selection, are fully domesticated. 

 Clutton-Brock (1992) notes that only pedigree cats fulfil the conditions as having undergone 

domestication which do not apply to mongrel cats that may breed freely with Wildcats and 

have the ability to feed on their own as ferals. Non-pedigree cats are thus only partially 

domesticated and can be described as “commensals”. However, in Clutton-Brock (1999) it is 

said that “the cat is a fully domesticated animal” but is listed in the section of “exploited 

captives”. 

 Liberg et al. (2000) note that a Domestic cat readily may revert to a feral state and live 

independently of humans. It is sympatric and not isolated from its wild ancestor population. 

Even house cats are usually allowed complete freedom of movement. Very little artificial 

selection has been opposed on cats and Liberg et al. conclude that they are not fully 

domesticated in the classic sense but resemble “wild human symbionts”, rather than 

domesticates. 

 Driscoll et al. (2009) considered the domestication process of the Wildcat as “incomplete” 

due to largely similar factors as discussed above and suggests that the completion of it (the 

domestication process) started within the last 200 years at the ascent of artificially selected 

breeds. 
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To conclude, the Domestic cat fulfils several of the conditions and diagnostic traits of domestication, 

but fails on other, highly critical criteria. It is therefore difficult to motivate the classification of it as a 

true domesticate but there is no satisfying alternative. Efforts of suggesting different labels for the 

unique human-cat relationship may be perceived as artificial and forced. Perhaps the fault is to find 

within the concept of domestication itself, that it is too narrow and “old-fashioned”21. To abolish it 

altogether in favour of a system of more differentiated and specific descriptions of co-evolutionary 

processes might not be perceivable in the nearest future though. 

1.3. Suggested Mechanisms for the Domestication of the Cat 
In the same way as the status of the Domestic cat with regards to domestication is unclear, the ways 

in which the cats and humans developed the relationship resembling of true domestication is 

unknown. Several scenarios have been suggested and they are correlated to different 

interpretations of archaeological, historical and biological evidences as will be discussed in a later 

section. Generally, they can be divided into two main theories which largely correspond to the 

division of passive and active domestication: 

1.3.1. Passive Domestication 

In early agricultural societies, coinciding with the onset of sedentism and the emergence of 

urbanism, native fauna would have found new fertile ecological niches to fill. Trash dumps and grain 

storages provided food all year round and attracted opportunists as is exemplified by the house 

mouse (Cucchi & Vigne, 2006). Wildcat populations would have approached the outskirts of human 

settlements for food scavenging and found a high density of rodents to feed from. The new 

environment would have opposed a selection pressure for the individuals most fit for human 

proximity and they would have gradually diverged from the Wildcat population. This mechanism can 

be referred to as “self-domestication” (Russell, 2002). The relationship between cats and humans 

would thus have been purely commensal, and the domestication process can be classified as 

“passive” or “unintentional”, with regards to the human involvement. The human community would 

not actively have sought out cats for taming attempts; the cats were simply “tolerated” (Driscoll et 

al., 2009). Although, sooner or later, the human population may have acknowledged the beneficial 

effects of maintaining a population of “village cats” as a rodent pest controller, preventing spoilage 

of grain stores and diseases22, and encouraged the cats by offering supplementary food. The 

domestication process would have accelerated by further selection on human-tolerance and human- 

friendly behaviour. Whether or not such a mechanism was the beginning of the human-cat 

relationship as a domestic animal; it is an important function that many millions of cats have filled in 

history and are still doing so today. 

1.3.2. Actively Initiated Domestication 

Even if Wildcats may have lived commensally near human settlements for long time periods and in 

several areas, true domestication may not have been achieved until intentional, or active, taming of 

kittens by humans occurred23. As already noted, many societies are known, in history and modern 
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 If one were to regard domestication as a gradual process instead of an event (Serpell, 2000; Gifford-
Gonzalez & Hanotte, 2011), domestication should be considered as a scale of different phases in the 
relationship between the animal and the human societies as suggested in Vigne (2011). 
22

 Cf. Engels (1999, pp.16-17). 
23

 Cf. Russel (2002) who notes that taming is a prerequisite for domestication, necessary but not sufficient. 
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times, to tame wild animals24. Since the predispositions for taming (and eventual subsequent 

domestication) are evident throughout the Felidae, indeed a number of cat species have been tamed 

(Faure & Kitchener, 2009). A renowned experiment on domestication of silver foxes showed that 

consequent selection for tame behaviour can achieve domestication of a mammal within a few 

generations (Kukekova et al., 2011). Such active breeding of the cat could have taken place in a 

context where the society had a motive and resources to keep Wildcats in captivity.  

1.4. The Cat in the Ancient World 

1.4.1. Early Archaeological Sources of Cats 

One of the reasons for the uncertainties surrounding the early history of the Domestic cat is the 

rareness of cat remains in archaeological contexts (O'Connor, 2007). Feline bones are small and 

fragile, usually poorly preserved (Malek, 2006) and when encountered may not be recognized or 

valued. Moreover, identifying cat bones as remains from a Domestic cat contrary from a Wildcat 

individual often proves difficult or impossible (Sunquist & Sunquist, 2002). There are three methods 

usually referred to when distinguishing bones originating from Domestic individuals from bones of 

wild progenitor species (Gifford-Gonzalez & Hanotte, 2011):  

 Morphological and metrical analyses may detect changes in size and shape of the skeleton 

that are commonly associated with a domestication process (see above). However such 

changes may not appear immediately or at all after domestication has occurred or been 

initiated (Vigne et al., 2004; Vigne, 2011), or may be too modest to be detected (Sunquist & 

Sunquist, 2002)25.  

 

 Demographic analyses examine the composition of individuals in an assemblage with 

regards to age and sex. Although potentially useful, larger sample sizes than occasional finds 

are required making the method not applicable to most of the finds of greater age. 

Moreover, the existence of hybrids and transitional forms makes the issue more 

complicated.  

 

 Left is the possibility to discriminate Domestic cats from Wildcats by the archaeological 

context in which they were found. Although, such identification is dependent upon proper 

documentation of find context (which is not always available) and indeed on subjective 

interpretations of the association of the cat with the human society in that specific context. 

Clutton-Brock (1993) argues that without some “cultural evidence” it would not be possible 

to distinguish Domestic forms from Wildcats in archaeological finds. Zeuner (1963) also 

discusses the difficulty of recognising a Domestic cat from its skeletal parts and that 

archaeological context is more reliable. He exemplifies this by some finds in the Roman town 

of Silchester, England, where several cat remains were found that did not show any evidence 

of domestication. On the contrary, a find of cat paw prints in tiles (as in fig. 1) at the same 

location indicated the existence of cats fearless enough to approach a human working area 

where the tiles had been laid to dry (1963, p.389)26. That argumentation is similar to what 
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 See also Serpell (2000, p.182). 
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 Though, O’Connor (2007) developed a technique to differentiate between Domestic cat and Wildcat in 
archaeological samples of cat bones, claiming that it can function on small sample sizes. 
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 Roman tiles with cat paw print are also reported from Burst, Belgium (Engels, 1999). 
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Vigne (2011, p.173) describes as 

“presence of a species out of its natural 

area of distribution”, which could also 

refer to finds of cats on e.g. islands where 

Wildcats have never existed before human 

introduction. Moreover, animal remains in 

food refuses or in human burials could 

also be interpreted as indicating animal-

human relationships (Vigne, 2011). 

According to Clutton-Brock (1988), finds of cat 

remains from prehistoric sites are not unusual, 

but it is difficult to establish if they represent 

animals killed for food or pelt or if they reflect a 

more profound association of the cat as a species 

with the human societies. Some of the prehistoric archaeological finds of cat remains that may imply 

something about the early relationship between cats and human societies are reviewed in the 

following: 

 Fragments of bone (humerus) and teeth were found in pre-pottery Jericho dating to about 

6700 BCE (Zeuner, 1958; Petzsch, 1973; Clutton-Brock, 1988; Serpell, 2000). The small size of 

a single molar could indicate a cat – human relation that eventually developed into true 

domestication. Zeuner (1958) and Brentjes (1965) interpreted the remains as evidences of 

early house cats. However, most argue that they probably belonged to commensal cats, 

perhaps cats killed for fur (Zeuner, 1963; Kitchener, 1991; Clutton-Brock, 1999; Sunquist & 

Sunquist, 2002).  

 

 At Cyprus, as on several other Mediterranean islands, Wildcats are believed to have been 

introduced by humans about 6000 - 8000 years ago (Faure & Kitchener, 2009). A pre-pottery 

Neolithic (6000 BCE), large, Felis silvestris mandible indicates that cats were brought on 

boats by humans, as pets or as stow-away, as the Island had never had any native felid fauna 

(Davis, 1987; Clutton-Brock, 1988; Sunquist & Sunquist, 2002). However such finds may not 

be evidences of direct taming, as several animal taxa were introduced this way (Vigne et al., 

2004; Faure & Kitchener, 2009). Engels (1999) argued though that it is unlikely that the cats 

were brought as food supply, instead they were valued as companions or as rodent killers. 

 

 More recently, a complete cat skeleton in a human burial was reported from the Cypriote 

site Shillourokambos dating to 7500 BCE (Vigne et al., 2004). The cat was found 40 cm from 

the interred human individual together with grave offerings and was identified as a large, 

young, Felis silvestris libyca. The authors concluded that it was intentionally buried since the 

bones were not scattered and it did not bear any signs revealing its cause of death such as 

butchering marks. It was further argued that the burial indicated a strong association 

between the cat and the human individual and that it might have been killed for the purpose 

of joining a person of special status. The ritualistic positioning of the cat would thus be a sign 

of a cultural importance and that taming of the cat most likely had occurred as an early step 

towards the domestication of the animal (Vigne et al., 2004; Driscoll et al., 2009). Rothwell 

Figure 1 Cat paw prints are not seldomly encountered on 
tiles that have been laid to dry in areas where cats roam. 
The picture shows a modern example of cat paw prints 
on a mud brick tile from a rural area in Upper Egypt 
(photography by the author). 
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(2004), on the other hand, consider that the evidences for taming deduced from that find 

was insufficient and that the buried cat probably was a commensal animal27. 

 

 Brunton (1937) reports on what might be the earliest known remains of cats in a human 

context found in Egypt and assumed they were tamed. At Mostagedda (Middle Egypt), he 

describes what was “apparently a cat” (p.34) and “perhaps a cat” (p.57) in human graves 

dating to the Badarian period (4400 – 4000 BCE)28. 

 

 Also at Predynastic (5300 – 3000 BCE) Abydos (Upper Egypt), part of a cat mandible was 

found and described as similar in size to that of a small modern Domestic cat (Naville & Peet, 

1913, p.7).  

 

 At the elite cemetery in Hierakonpolis, ancient Nekhen (Upper Egypt), dated to about 3700 

BCE, remains of animals representing a number of different species have been found (Van 

Neer et al., 2004). Among these was a feline skeleton that exhibited healed fractures which 

Linseele et al. (2007) argue were evidences that the individual had been kept in captivity and 

cared for as an injured individual would likely not have survived in the wild for any 

substantial time. The injuries had probably aroused due to human intervention, perhaps 

when the animal was captured. It was probably not linked to a specific human burial29, but 

rather had a symbolic or religious meaning and had been interred for the benefit of the 

human cemetery occupants in general. The cat was firstly identified as a Felis silvestris libyca 

and could thus represent cat taming that may have been a precursor to what eventually led 

to domestication of that species. However, as additional skeletal parts appeared and got 

measured, that statement had to be withdrawn and the cat was re-identified as a Jungle cat 

(Felis chaus) (Linseele et al., 2008). Still, the claim that it indicates the occurrence of taming 

of cats stands although the Jungle cat may never have been domesticated. Signs of captivity 

have also been noted in other animals from the same cemetery: a hartebeest had a healed 

fracture and abnormal features on the jaw and a tooth. The latter are frequently observed in 

wild animals that are kept in captivity today (Friedman et al., 2011). Change of reproduction 

cycle was interpreted by Friedman et al. (2011) from the ages in a group of six cats found in 

the same cemetery. The authors conclude that if not already domesticated, the cats would 

have had a close contact with humans enough to change their wild state reproduction 

pattern30.  

 

 Cat teeth dated to about 4000 BCE were found in the Indus Valley (Faure & Kitchener, 2009) 

but were not identifiable as belonging to Wildcat or Domestic cat. It has been speculated 

upon an ancient Asian domestication centre for the cat (Kingdon, 1977), independent of the 

cats originating from the Middle East/ North Africa, but it is likely that Domestic cats arrived 

there by spreading eastwards along trade routes (Faure & Kitchener, 2009). Anyhow, cats 
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 Baldwin (1975, p.431) makes a similar note on finds of animals in human tombs in general. 
28

 All dates for the time periods of ancient Egypt are in the following text adopted from the chronology in Shaw 
(2000). 
29

 Cf. the cat burial at Shillourokambos. 
30

 Indeed, change of reproduction cycle is a common effect of or diagnostic criterion for domestication (see 
section 1.2.1.5). 
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from such local domestications have not contributed to the Domestic cat lineage(s) of today 

according to recent phylogenetic assessments (Driscoll et al., 2007; Lipinski et al., 2008). 

 

 Cat remains have been excavated from the Harappan civilization (Indus Valley) dating to 

around 2000 BCE (Serpell, 2000; Faure & Kitchener, 2009). It was originally considered that 

they represented Domestic cat but Zeuner (1963) argues that they belong to a Wildcat. 

However, cat and dog paw prints in mud brick have been found at another site in the Indus 

Valley (Serpell, 2000). 

 

 From the Italian area, several archaeological sites have provided cat remains from the 

second half of the first millennium BCE (Engels, 1999). 

 

 For Greece and the Aegean, Engels (1999) lists finds of cat remains from Neolithic and 

Bronze Age and mentions finds from Troy belonging to several layers including the oldest 

layer (third millennium BCE). 

1.4.2. Early Iconographical Sources of Cats 

Depictions of cat-like animals have figured in the discussion on the early history of human-associated 

cats. Those are often problematic though, since prehistoric and ancient art is not always sufficiently 

naturalistic to make certain identifications. Even if rich in details, aspective representations31 as is 

dominant in ancient Egyptian art, may be misinterpreted due to skewed proportions32. The 

identification of felid species and, in particular, wild, tame or domesticated status, is in many cases 

unclear. 

Representations of what may be cats as stone or clay figurines have been found in Neolithic contexts 

from the Middle East (Vigne et al., 2004), that could be interpreted as if cats were important to 

those cultures in ways additional to practical uses such as for pelts or food (Faure & Kitchener, 

2009). However, outside of Egypt33, iconographic representations of cats (wild or domestic) are 

relatively rare before the second half of the first millennium BCE (Clutton-Brock, 1988). 

 A sculpted head from the same Cypriote site as the complete skeleton mentioned above, 

Shillourokambos, have been suggested as representing a feline figure and is dated 7700 BCE 

(Guilaine, 2000). However the portrayal is highly stylized. 

 

 Crudely modelled statues found at the Anatolian site of Hacilar dated to about 6000 BCE are 

sometimes brought into the discussion. These depict women carrying or holding animal pets 

resembling felines34. The animals are held under the arms or on the chest as if being 

cuddled. Another cat-like, but quite large animal, is stroking a woman’s legs, alternatively is 
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 Aspective art refers to representations where emphasis is put on presenting the most characteristic features 
of an object, sometimes resulting in distorted perspective and proportions between different objects in an 
image. For an excellent explanation of aspective art in ancient Egypt cf. Säve-Söderbergh (1990). 
32

 However, compare with private sketches of the Deir el Medina workmen from which ostraca shows that the 
artists were able to portray in a more naturalistic manner when not conformed to canonical restrictions. 
33

 A brief selection and summary of artistic representation of cats in ancient Egypt is given in section 1.4.3., see 
below. 
34

 See images in Mellart (1970). 
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supporting the woman when in a sitting position, while the long tail is curled against her 

back. Brentjes (1965) describes the carried animals as the oldest known depictions of cats, 

while the animal at her back as a cheetah. However, the identification of the carried animals 

is not clear. Mellart (1970) calls them leopard cubs while Bökönyi (1974) argues that they 

were tame mongooses. Benecke (1994) also emphasised the possibility that those animals 

may belong to other Wildcat or felid species (cheetah). 

 

 A seal cylinder from Ur depicts an animal in movement with a feline looking body and long 

tail (Benecke, 1994). Brentjes (1965) concluded from it that house cats were generally 

spread in Iraq at the beginning of the third millennium B.C.E. 

 

 In the Greek world, one of the earliest depictions of cats is a fresco at Akrotiri (Thera) dated 

to before the Thera volcano eruption35 (Engels, 1999). It portrays a cat chasing ducks in a 

natural environment as Engels describes as a “Nilotic” setting (p.50). The same source 

reports on a seal stone from Crete 1600 BCE with a cat catching ducks and a contemporary 

Mycenaean inlaid dagger with similar motives. On the contrary Zeuner (1963) mentions a 

terracotta head in late Minoan Crete as the earliest record of cats in the Greek world. An 

architectural piece with a marble relief dated to about 500 BCE currently in the Athens 

museum depicts an encounter between two aggravated and leashed animals with curious 

human spectators. One of the animals is surely a dog and the other is commonly described 

as a cat (Zeuner, 1963; Clutton-Brock, 1988). Although, Schipper (1952) has argued with 

some emphasis that the cat-like animal cannot be a cat but must represent a marten. 

 

 An Ivory statuette was found in Lachish, Israel, dated to about 1700 BCE (Clutton-Brock, 

1988), Zeuner speculates that pet cats might have been kept there by Egyptian colonizers 

(Zeuner, 1963). 

 

 From the Italian area come representations of cats on coins (Zeuner, 1963; Engels, 1999) 

dating to the fifth century BCE. Engels (1999) believes it is likely that cats were brought by 

Greek colonists. Engels mentions a depiction of an “obviously domesticated cat” (1999, p.90) 

in Etruscan tomb fresco (470 BCE). Zeuner (1963) also mentions reliefs in the Etruscan 

Cerveteri (400 – 100 BCE) of cat-like animals but considered them rather as dogs. Cats 

figured as decorative motifs on domestic objects from the third century BCE and onwards 

(Engels, 1999). 

1.4.3. The Cat in Ancient Egypt 

Accounts of the cat from pharaonic times are numerous. Pictures, statues, stories and mummies all 

contribute to emphasize the great status the cat had in ancient Egypt. Cats figures in stylized scenes 

of “everyday life” as well as in feline representations of deities of the Egyptian pantheon. However, 

few areas have left an abundance of cultural remains, or received the attention of scholars, in a 
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 Conflicting numbers for the absolute date of the Thera eruption are suggested by different methods. 
Radiocarbon analyses recently proposed that the event took place in the late 17

th
 century BCE (Friedrich et al., 

2006). 
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degree comparable to Egypt. Therefore, conclusions about the ancient Domestic cats’ occurrence 

and origins, extrapolated from Egyptian sources solely, should be made with caution. 

The following is not an attempt to give a conclusive review on the history of the cat in ancient Egypt 

as that is not within the scope of this report and because such accounts have been done previously. 

Indeed, the reader is referred to the excellent work of Dr Jaromir Malek (1993; 2006), published as 

The Cat in Ancient Egypt. Instead, some of the most general lines are summarized together with 

details of those aspects that are relevant for the issue of this report: 

1.4.3.1. Felids in Egypt 

According to Hoath (2003), there are six species currently native to Egypt:  

 The Wildcat (Felis silvestris) with subspecies F.s. libyca and F.s. tristrami. The former is living 

on the margins of the Nile delta and valley, some of the western oases and in the desert 

along the Mediterranean coast. The latter is found in north and south-western Sinai36. 

 The Jungle cat (Felis chaus) is listed as F.c. nilotica and with a distribution in Egypt similar to 

F.s. libyca. The Egyptian Jungle cat is exclusive in Africa. 

 The Sand cat (Felis margarita) is represented by scarce reports from the Eastern Desert and 

Sinai37. The Egyptian Sand cat is classified as F.m. margarita, with a few specimens assigned 

to F.m. harrisoni.  

 The Caracal (Caracal caracal) is rarely reported from the Egyptian Eastern Desert and Sinai 

(F.c. schmitzi). 

 The Cheetah (Acinonyx jubatus) may still occur, in a small population, in the Western Desert 

or may be extinct. 

 The Leopard (Panthera pardus) is recorded from the Western Desert from rare accounts, 

possibly still extant in the Sinai. 

It is important to remember though, that the existence and distribution in fairly ancient times may 

notably differ from that of today (Malek, 2006). This is exemplified by the lion (Panthera leo) which 

occurred in pharaonic Egypt (Hoath, 2003) but is absent from Egypt today. Iconographical sources 

and mummified remains also indicate a probable presence of the Serval (Leptailurus serval) 

(Baldwin, 1975; Osborn & Osbornová, 1998), although they may represent imported individuals.  

1.4.3.2. Predynastic Time, Early Dynastic Period, Old Kingdom and the First Intermediate 

Period (before 2055 BCE) 

In the earliest time, before the formation of the classical, pharaonic, kingdoms, the scarcity of 

sources relating to the cat have been interpreted as if the cat was rare38. Osborn & Osbornová 

(1998) accounts for a few finds of Neolithic origin made in desert sites. As previously mentioned, 

some finds of cat remains have been made from the Predynastic period (Mostagedda, Abydos and 

Hierakonpolis) indicating some kind of relation to man. However no early rock drawings of cats are 
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 Cf. the Palestinian wildcat (Ali Khalaf-von Jaffa, 2006). 
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 Interestingly, Malek (2006) does not acknowledge the Sand cat as one of the small wildcat species in Egypt, 
perhaps because the ancient Egyptians seem to have not been familiar with the Sand cat (Baldwin, 1975). 
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 However, other felines had a prominent role in the Egyptian iconography and religion already during 
Predynastic times (before 3000 BCE) (Linseele et al., 2007). Lions occur in early, pre-formal art and feline 
goddesses like Mafdet, Sekhmet and Bastet are first attested from early Dynastic time and the Old Kingdom 
(Wilkinson, 2003). 
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known (Osborn & Osbornová, 1998) and pictorial representations are completely absent from 

Predynastic and early Dynastic depictions according to Hendrickx (2002). Engels writes that “The 

earliest remains of cats in domestic contexts from Egypt date from about 4000 to 3000 BC,...” 

(emphasis added by the author) (Engels, 1999, p.20). However, he does not further describe the 

finds more than declaring them as probably being tame Wildcats. It is likely that he actually refers to 

the early Egyptian finds of cat remains as mentioned above, although they are not considered to 

have been found in a domestic context.  

A few examples of depictions of cats are known from the Old Kingdom (2686 – 2125 BCE) onwards 

but they are most unusual before the Middle Kingdom (Malek, 2006): Boettger (1958) mentions a 

depiction in a fifth Dynasty tomb of a cat with something resembling of a collar around its neck. 

Wildcats are supposed to have been depicted in a wildlife scene on a relief from the Old Kingdom 

temple of Nyuserra (2445-2421 BCE) at Abu Gurob but is now destroyed (Malek, 2006). The first 

known depiction of what may be a cat in an Egyptian tomb scene is in the tomb of Meryre-nefer 

(Qar) at Giza who lived under the reign of Pepy I (2321-2287 BCE). Malek (2006) describes the scene, 

which is only available as a sketch in a report since the original fragment is nowadays inaccessibly 

located, as consisting of two animals that appears to be a cat and a mongoose ((Herpestes 

ichneumon), a typical animal of the kind of representation of the time period). There are also 

archaeological remains of cats on Elephantine (Aswan) dated to 2500 - 1900 BCE (Gautier, 1999). 

The oldest textual evidence of cats, according to Malek (2006), is of a group of three cats in a 

“hieroglyphic” pose39, belonging to a temple relief at the pyramid complex of Amenemhat I (1985-

1956 BCE) at Lisht. The threefold presence indicates that a plural form of cat was meant, and the 

adjacent sings contribute to the interpretation of the meaning as a title: “lord of the city of miww 

(cats)”. However, it is not known if there ever was a “cat town” that was meant in this case, or if the 

cat signs were present only to represent their phonetic value of a location that was called miww, but 

did not have anything to do with cats. The dating of this scene is uncertain as the stone block may 

have been reused and originated from a cult temple of Pepy II (2278-2184 BCE). 

1.4.3.3. Middle Kingdom and the Second Intermediate Period (2055 - 1550 BCE) 

From the Middle Kingdom (2055 – 1650 BCE) onwards, representations of cats are becoming more 

frequent in the records which offer opportunities to interpret them as depicting Domestic cats as 

opposed to unidentified cats or Wildcats.  

A stele dating from the 11th dynasty and recovered at Koptos, Upper Egypt, displays an animal 

sitting under the chair of a woman, a motif that is very common in later representations. The 

identity of the animal is not clear; it has some cat-like features but a strange-looking, short and 

curled tail. The animal was originally described as a dog, but has been re-interpreted as a cat (Arkell, 

1962; Engels, 1999; Malek, 2006). Baldwin (1975, p.432) refers to an inscription from the same time 

period mentioning that “...a certain cat was the favourite of King Mentuhotep II...” which would 

imply that the king held (one or several) cats as pets. 

Examples of cats participating in the so-called “hunting and fowling in the marches scenes” from 

Middle Kingdom tombs at Beni Hassan are given by Malek (2006). The hunting and fowling in the 
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marches scenes are common motifs in ancient Egyptian tomb decorations that depict the tomb 

owner, often accompanied by family members, performing hunting in a natural setting40. At the 

tomb of Khnumhotep III, dating to ca. 1900 BCE, a cat is depicted sitting on a papyrus stalk in the 

marches while the tomb owner is standing on a boat and is spearing fish. The cat may be interpreted 

as representing the natural fauna of the location rather than being associated to the tomb-owner as 

a part of the family (pet). The presence of a genet and a mongoose among the papyrus stalks, two 

species common in representation of “wild-life” motifs since the Old Kingdom (Osborn & Osbornová, 

1998), may indicate that the cat in question is not a Domestic cat. Malek (2006) suggests that it is 

indeed a Jungle cat based on the marshy setting and the absence of specific body markings. The tail 

though, is long like the tail of a Wildcat. Malek (2006) explains this as being due to the “hieroglyphic” 

pose that the cat is depicted in, that forced the artist to prolong the tail in order for it to be curled 

and rendered characteristically. Malek (2006) also notes on another cat in a desert hunting scene 

belonging to the same tomb but questions if it really is a Wildcat and not a caracal.  

On the other hand, Osborn & Osbornová (1998) argue that cats in fowling scenes from the Middle 

and New Kingdoms (1550 – 1069 BCE) actually depict tame cats as the marshes do not belong to the 

natural habitats of Wildcats41. The tame cats would have been brought along by their owners and 

released for the purpose of frighten birds into the air and thereby aiding the hunt. However, it 

should be remembered that even if hunting and fowling scenes may be fairly naturalistic, they do 

not represent actual events but should be treated symbolically as manifestations of dominion over 

chaos or as idealized depictions of the afterlife. Therefore caution should be made when considering 

such depictions as realistic faunal compositions. 

Depictions of cats in religious contexts start to appear in the Middle Kingdom on the so called “magic 

wands” or “magic knives” (Engels, 1999; Malek, 2006). These were apotropaic objects decorated 

with incisions of a number of different creatures including cats. They were depicted in their standard 

“hieroglyphic pose” or in a more suggestive way, as standing on the hind legs holding a knife by the 

front paws. The protective nature of the cat in these contexts is most probably linked to its ability to 

kill snakes as will be discussed below. Protective amulets in cat-form were used mainly to ward off 

snake bites and scorpion stings and are extant from the Old Kingdom and were quite frequently used 

until the end of the pharaonic periods. 

At the tomb of Baket III (ca.1950 BCE), also at Beni Hassan, a number of registers depict a row of 

animals and humans involved in different every-day, house-hold, activities. One of the animals is 

certainly a cat because the animals’ representations are each accompanied by a caption that 

identifies them. Indeed, the text above the cat reads miit (cat, feminine form). Malek (2006) 

concludes, based on the context in the scene, that the cat is certainly a domestic animal, and not a 

wild visitor. Moreover, the cat is placed opposite a rat which may indicate an acknowledgement of 

the cats’ abilities to control pests. 

There is one especially interesting archaeological find from this time period that should be added to 

this section: The archaeologist Flinders Petrie once found a 19th century BCE small tomb with a 

pyramidal superstructure containing the skeleton of 17 cats at the important Upper Egyptian site of 
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 See e.g. Germond & Livet (2001). 
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 However the Jungle cat (also known as the Swamp cat) would be a natural component of the setting. 
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Abydos. In association with the cat remains was found a row of small pots that the excavator 

assumed once held offerings in the form of milk.  

The earliest known examples of cats in sculpture, such as figurines, decorations on utility objects and 

jewellery details, are also dated to the Middle Kingdom (Malek 2006). 

1.4.3.4. New Kingdom and the Third Intermediate Period (1550 – 664 BCE) 

There are numerous examples of cats depicted in tomb paintings dating to the New Kingdom. An 

early example is in the Theban tomb of Menna (TT69) (ca. 1390 BCE) where a cat climbs papyrus 

stalks in the marches. Malek (2006) does believe it is a Domestic cat. In the tomb of Neferhotep (TT 

A5) (ca. 1450 BCE) an animal appear in a desert hunting scene as being one of the games hit by one 

of the tomb-owners arrows. If its identity is truly a cat it “would be the only known instance of an 

indigenous small wild cat being hunted” (Malek, 2006, p.44). Unfortunately the scene is only 

available in a reproduction and the location of the tomb is currently unknown. 

From ca 1450 BCE, the representations of cats become common in tomb scenes and notably 

frequent in domestic contexts. Four categories of motifs from the New Kingdom Theban tombs are 

identified by Malek (2006): 

 The cat with a raised paw as exemplified in the tomb of Ipuy (TT217) (ca. 1250 BCE). The 

pose parallels that on the Middle Kingdom magic knives. 

 

 The cat seated under the chair of a woman, usually the tomb owner’s wife. This motif might 

be suggestive of sexuality and fertility and may be linked with the goddess Hathor. It is 

paralleled with the older convention of depicting a dog, or even a monkey, under the chair 

of a man. The cat-under-the-chair scenes occur in a number of tombs and with some 

variation. At the tombs of Ipuy (mentioned above) and Penbuy and Kasa (TT10) (ca. 1250 

BCE) the faces of the cats are turned forward, which is very unusual in ancient Egyptian 

formal art where faces are almost exclusively rendered in profile. The result is rather 

strange-looking. In other tombs, the cat may be joined by a goose under the chair. In the 

tomb of Anen (TT120) (ca 1350 BCE), a cat and a goose are having a such intimate 

connection under the chair of no less than queen Tiy, wife of king Amenhotep III (1390 – 

1352 BCE) that it is difficult to ascertain if they are fighting or embracing each other.  

 

 Cats participating in hunting and fowling scenes are also present in the New Kingdom. The 

finest example may be the fowling scene from the tomb of Nebamun (ca 1450 BCE) in which 

the cat, whilst balancing on two papyrus stalks, grabs one bird by its hind legs, one bird by its 

front paw and catches a third bird by its mouth. 

 

 Cats and cat-headed creatures are not uncommon in the scenes of the Underworld books 

that line the walls of royal tombs. The most specific role of the cat in this context is where it 

is killing a snake (Apophis) that represents evil and disorder. The cat is linked to the sun god 

as will be discussed below, and the ability to ward of the Apophis snake was essential for 

securing the return of the sun after each night during which it was believed to have travelled 

an unsecure journey through the underworld. 
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A large number of ostraca and papyrus fragments depicting cats are known from the workers village 

at Deir el-Medina (Thebes) (Malek, 2006). These were informal sketches, often made in humorous or 

satirical manner showing cats and other animals such as geese and mice acting out scenes typical of 

humans42. The roles are often reversed as to what would be expected, thus a lady mouse is being 

attended by servant cat et.c. 

Personal names derived from the word for cat are attested from the Middle Kingdom onwards in the 

form of pA-miw (“The cat”, masculin form) and tA-miit (“The cat”, feminine form). One of the kings in 

the 22nd dynasty, which had its capital at Bubastis, was named pA-miw. Opposed to dogs, that often 

hade their name written in the texts accompanying depictions et.c., the naming of cats seems to 

have been rare. An exception is the pet (?) cat of the New Kingdom prince Thutmose for which a 

limestone coffin was made. It was decorated with motifs and texts parallell to what was typical on 

human coffins and the cat was addressed by its name tA-miit (“the She-cat”) (El Sabban, 2000). It 

bears a depiction of a cat-headed mummiform figure as well. 

1.4.3.5. Late Period and Greco-Roman Times (664 BCE – 395 CE) 

The most interesting feature of the role of the cat in the later periods of the ancient Egyptian culture 

is its association with divine aspects and its manifestation in religion. This resulted in it being subject 

to wide spread cults and a massive industry related to preservation and burial of dead cats.  

The “divinity” of the cats is not to be misunderstood. As with many of the animal species in ancient 

Egypt, the association of the cat with certain divine characteristics or with specific gods and 

goddesses did not mean that the cats themselves were divine. The cat as an animal was merely a 

representation of such divine features and may rather be considered as “sacred”43. 

Speculations on what characters of the cat made the people of ancient Egypt to associate it with 

divinity rages from behavioural traits like aloofness and ability to kill snakes to physical features such 

as night-vision and reflective eyes (Osborn & Osbornová, 1998; Engels, 1999)44. 

1.4.3.6. Cats in the Religion 

There are several deities in the Egyptian pantheon that were associated with felids, primarily as 

goddesses in leonine form45; the most renowned is probably Sekhmet. The animal of a cat however 

mainly represented only two deities, one male and one female form: 

The male cat was linked to the sun god, Re46. In many of the vignettes belonging to the Books of the 

Underworld, e.g. the Book of the Dead, the cat is shown as slaying the Apophis snake. The role is 

vital since the suns night journey is filled with obstacles and evils that have to be trespassed in order 

for the sun to rise again in the morning and to perpetuate time. 
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 See e.g. MM 14051 at the The Museum of Mediterranean and Near Eastern Antiquities, Stockholm. 
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 See discussion in e.g. Zivie & Lichtenberg (2005). 
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 The ancient Egyptians were not the only people that have connected spirituality with the cat. Both in Europe 
and in several regions in Asia, the cat has been associated with supernatural powers (Engels, 1999). 
45

 Wilkinson (2003) lists a dozen feline (felid) deities, mostly goddesses. 
46

Baldwin (1975) note on early examples of Re in the form of a cat that date to the New Kingdom (e.g. The 
Book of the Dead), but the connection of the cat with the sun god is likely older cf. e.g. the so-called “magic 
wands” (Malek, 2006). 
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The female cat is primarily linked to the goddess Bastet47,48. She appears in early times and is first 

attested in the form of a depiction on a stone vessel from the second Dynasty (Wilkinson, 2003). Her 

name was recorded together with Hathor in the valley temple of Khafre (2558-2532 BCE). Bastet was 

primarily a goddess represented by a lion or a lion-headed woman and was, like other lioness 

deities, identified with the “Eye of Re” or as the “Daughter of Re”. Bastet had a dangerous and 

protective form which manifested itself in the pyramid texts and subsequent coffin texts49. There 

was also a milder form of Bastet which emphasized her protective qualities in a less aggressive way 

and was specifically connected to pregnancy and motherhood. It is in this latter form that Bastet 

became associated with the animal of a cat starting from the Middle Kingdom (Wilkinson, 2003) 

onwards. By the New Kingdom, a cat, or a cat-headed woman had become the most common 

representation of her. Attributes such as the sistrum emphasised her connection with the goddess 

Hathor, another “Eye/Daughter of Re”. The popularity of Bastet increased significantly during the 

first millenium BCE50 with the main cult center at the delta city of Bubastis (in Egyptian called pr-bAst, 

“house of Bastet”), and reached its peak during the Ptolemaic times (332 – 30 BCE) (Malek, 2006). A 

large number of statues are devoted to Bastet in the form of a cat or a cat-headed woman carrying a 

sistrum and/or a basket and is sometimes accompanied by kittens. 

Catteries with well-fed and pampered cats were obviously held at temples dedicated to Bastet or 

other feliform goddesses. Engels (1999) also states that temples held cats within the sanctuaries 

themselves as divine incarnations similar to those of certain bull cults, but this is probably more 

uncertain. The temple cats were apparently very large in number but the majority of the cats in 

ancient Egypt may have been house cats, either as farm cats or pet cats. 

The temples frequently conducted festivals dedicated to the local god or goddess and the festival at 

Bubastis was, at least according to Herodotus in his classical account written in the fifth century BCE 

Histories, book 2 (Euterpe), the biggest of them all, indeed grand and magnificent: 

“The following are the proceedings on occasion of the assembly at Bubastis:- 

Men and women come sailing all together, vast numbers in each boat, many 

of the women with castanets, which they strike, while some of the men pipe 

during the whole time of the voyage; the remainder of the voyagers, male and 

female, sing the while, and make a clapping with their hands. When they 

arrive opposite any of the towns upon the banks of the stream, they approach 

the shore, and, while some of the women continue to play and sing, others 

call aloud to the females of the place and load them with abuse, while a 

certain number dance, and some standing up uncover themselves. After 

proceeding in this way all along the river-course, they reach Bubastis, where 

they celebrate the feast with abundant sacrifices. More grape-wine is 

consumed at this festival than in all the rest of the year besides. The number 

of those who attend, counting only the men and women and omitting the 
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  (bAstt), literally meaning “She of the ointment jar”.  
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 The goddess Mafdet also appears early in the form of a cat-like animal that some scholars claim is indeed a 
cat (Wilkinson, 2003; Malek, 2006). However, Mafdet is generally considered as a lioness-goddess. 
49

 In this form, she may be equated with Sekhmet. 
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 In the Late period (664 – 332 BCE), local animal cults became increasingly popular, many animal species 
were represented in these activities. 
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children, amounts, according to the native reports, to seven hundred 

thousand.”  (Herodotus, 1858) 

1.4.3.7. Cat Mummies 

Apart from humans, the ancient Egyptians are known to have practiced mummification on a number 

of other animal species51 for different reasons. Ikram (2005b) recognises animal mummies in four 

categories:  

 Pet mummies: Mummies of animals that were buried as individuals (pets) and who probably 

died of natural causes. The cat that belonged to the cat coffin of the New Kingdom prince 

Thutmose, mentioned above, is, if it was ever mummified, an example of a mummy of this 

category. 

 Food or victual mummies: These were animal remains that were given as food offerings 

found in association with tombs of humans. They were prepared as to symbolise meals, 

often in the form of birds, to accompany the deceased. 

 Mummies of sacred animals: These mummies are of individuals that had belonged to an 

animal cult where it had fulfilled the role as a divine incarnation such as in the different cults 

of bulls. 

 Votive mummies: This category contains perhaps the most numerous examples of animal 

mummies that have been preserved until modern times. These mummies were a kind of 

offerings to a deity to which the animal species was connected. Pilgrims paid for the 

mummification of an individual animal as a part of their personal piety in conjunction with 

temple visits. The mummification was performed, often in large-scale, at the temple 

workshops.  

Animal cults can be traced back to the earliest of the pharaonic periods but are especially 

characteristic of the Late Period and Greco-Roman times. Ikram (2005b) suggests that the reason for 

the increased popularity of animal cults may be religious archaizing in line with the artistic archaizing 

of the Late Period. Malek (2006) refers to administrative reforms which would have encouraged the 

industrial role of the temples in local animal cults, as another possible reason. 

Large cemeteries, originally housing many thousands of cat mummies, have been found at sites as 

Tell Basta (Bubastis), Sakkara and Istabl Antar (Beni Hassan). The cat cult at Sakkara (Bubasteion) 

was devoted to the goddess “Bastet, lady of ankh tAwy (Memfis)”. At Istabl Antar, in the vicinity of 

Beni Hassan (Middle Egypt), also known by its Greek name Speos Artemidos, the cat cemeteries 

were associated with the temple of the lion-headed goddess Pakhet. Unfortunately, these 

cemeteries have been subject to pillaging and illegal digging and are left today in a ruined state. 

During the 19th century, huge quantities of animal mummies were exported to Europe, especially 

Britain, to be used as fertilizers52. Only occasional objects were spared and found their way into 

museums or private collections (Armitage & Clutton-Brock, 1981). The following is an eye-witness 

account of the activities at the site of Istabl Antar in the late 19th century: 
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 See e.g. Ikram & Dodson (Ikram & Dodson, 1998) 
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 Mummified animals may even have been used as ballast at the time according to Armitage & Clutton-Brock 
(1981). 
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”The plundering of the cemetery was a sight to see, but one had to stand well 

to windward. All the village children came from day to day and provided 

themselves with the most attractive mummies they could find. These they 

took down to the river bank to sell for the smallest coin to passing travelers. 

Often they took to playing or fighting together with them on the way, and 

then the ancient fur began to fly as for three thousand years it had never been 

called upon to do. The path became strewn with mummy cloth and bits of cat 

skulls and bones and fur in horrid profusion, and the wind blew the fragments 

about and carried the stink afar. This was only the illicit part of the business. 

The bulk of the old totems went another way. Some contractor came along 

and offered so much a pound for their bones to make into something – soap 

or tooth-powder, I dare say, or even black paint. So men went systematically 

to work, peeled cat after cat of its wrappings, stripped off the brittle fur, and 

piled the bones in black heaps a yard or more high, looking from a distance 

like a kind of rotting haycocks scattered on the sandy plain. The rags and 

other refuse, it appears make excellent manure, and donkey loads of them 

were carried off to the fields to serve that useful, if unromantic, purpose.”

 (Conway, 1891, pp.182 - 183)   

The majority of the cat mummies found at those larger cat cemeteries was probably derived from 

the temple catteries. However, some may also represent house cats that were brought to the site 

after its death by its owner. In Histories, book 2 Euterpe, Herodotus described with fascination the 

special status that animals held in ancient Egypt and mentioned especially the fondness of the cats: 

“If a cat dies in a private house by a natural death, all the inmates of 

the house shave their eyebrows; on the death of a dog they shave the head 

and the whole of the body.” (Herodotus, 1858) 

Diodorus Siculus, a Greek historian of the first century BCE also wrote upon the veneration of the 

cats and their treatment after death in his The Library of History book 1, section 83:  

“When one of these animals dies they wrap it in fine linen and then, wailing 

and beating their breasts, carry it off to be embalmed; and after it has been 

treated with cedar oil and such spices as have the quality of imparting a 

pleasant odour and of preserving the body for a long time, they lay it away in 

a consecrated tomb. And whoever intentionally kills one of these animals is 

put to death, unless it be a cat or an ibis that he kills; but if he kills one of 

these, whether intentionally or unintentionally, he is certainly put to death, 

for the common people gather in crowds and deal with the perpetrator most 

cruelly, sometimes doing this without waiting for a trial. And because of their 

fear of such a punishment any who have caught sight of one of these animals 

lying dead withdraw to a great distance and shout with lamentations and 

protestations that they found the animal already dead. So deeply implanted 

also in the hearts of the common people is their superstitious regard for these 

animals and so unalterable are the emotions cherished by every man 
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regarding the honour due to them that once, at the time when Ptolemy their 

king had not as yet been given by the Romans the appellation of "friend" and 

the people were exercising all zeal in courting the favour of the embassy from 

Italy which was then visiting Egypt and, in their fear, were intent upon giving 

no cause for complaint or war, when one of the Romans killed a cat and the 

multitude rushed in a crowd to his house, neither the officials sent by the king 

to beg the man off nor the fear of Rome which all the people felt were enough 

to save the man from punishment, even though his act had been an accident. 

And this incident we relate, not from hearsay, but we saw it with our own 

eyes on the occasion of the visit we made to Egypt.” (Diodorus, 1933) 

Herodotus (Histories, book 2 Euterpe) further described what happened to the dead corpse of a 

beloved cat: 

“The cats on their decease are taken to the city of Bubastis, where they are 

embalmed, after which they are buried in certain sacred repositories.”

 (Herodotus, 1858) 

However it is unlikely to believe that it was common practice to travel to Bubastis or any of the other 

major cat cult centres, on every occasion that a house cat died, especially from the more distant 

parts of the country. Indeed, cat mummies have been recovered at many sites around Egypt. Ikram 

(2005a) and Warmenbol & Delvaux (1991) list more than a dozen localities where cat burials have 

been found53. 

The mummies were manufactured in a relatively simpler manner than the methods sometimes used 

on humans (Zivie & Lichtenberg, 2005). As with human mummification, the practices seem to have 

not been uniform though and the degree of desiccation and evisceration varies between different 

groups of cat mummies. The limbs were sometimes wrapped separately to give a more natural 

appearance to the mummy, but normal practice was to fold the hind legs against the belly and to 

straighten the forelimbs along the body. The head was oriented perpendicular to the body. After 

wrapping of the animal one achieved a tight cylindrical and stackable packet. Some packets were 

elaborated into anthropomorphic form with emphasized shoulders and feet. The face of the cat was 

sometimes painted on top of the linen, or a mask was applied to give it a more life-like appearance. 

The majority of the cat mummies were probably interred without additional containers, however 

coffins have been found sometimes made to imitate the shape of the animal54. In addition, some 

hollow-cast cat statues are believed to have originally contained a cat mummy55. The mummies were 

finally deposited in tombs that varied in type from brick-lined graves (Tell Basta), rock-cut galleries 

(Dendera), re-used tombs (Sakkara) to large pottery jars (Tell Basta and Abydos) (Malek, 2006). 
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 Abydos, Akhmim, Antaeopolis (Sohag), Armant, Asyut, Badari, Balat (Dakhla), Dendera, Gebel Abu Feda 
(Minya), Giza, Hu (Diospolis Parva), Koptos, Magdola (Fayum), Manfalut/al-Maabda (Asyut), Sharuna (Minya), 
Tanis, Thebes, Umm al-Burigat (Fayum) 
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 See excellent wooden coffins in Ikram (2004). 
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 The bronze statue at Museum Gustavianum (figure 2) has a hole in the back of its body and may once have 
contained a mummy of a cat. 
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Examinations on groups of cat mummies have 

been made from which some remarkable results 

have to be mentioned.  

A study on the cranial indices of two groups of 

mummified cats from sites at Dakhla (8) and 

Sakkara (27), both groups containing cats dated by 

radiocarbon method to the Late and Ptolemaic 

periods, showed that most of the cats were 

probably domestic and had cranial index values 

intermediate between those of modern Domestic 

cat and the African wildcat (Ginsburg et al., 1991). 

It was also possible to identify a few possible 

Wildcats in the Sakkara sample based on their 

cranial indices. 

Cat mummies from Sakkara have been further 

examined by the Mission Archéologique Francaise 

du Bubasteion (Ginsburg, 1999; Zivie & 

Lichtenberg, 2003; Zivie & Lichtenberg, 2005). A 

large number (272) of packets containing one or 

several cat mummies, parts of cats, other animals 

and some containing no animal remains at all, 

were registered and studied by radiography. It was found that more than a third of the packets were 

“fake mummies”, that is, they did not contain a complete body of a cat. Such fake mummies could 

have resulted from infrequent demands of votive mummies, efficiency measures or demands for 

cheaper alternatives put on the temple workshops by the pilgrims who were supposed to have 

bought them. Based on the degree of epiphyseal fusion it was found that two-thirds of the mummies 

consisting of complete cats were juvenile or sub-adults. Moreover, many of those had severe cranial 

fractures or dislocated cervical vertebrae. Species determination on the cat mummies was 

considered too uncertain to be attempted for because of the young age of the majority of the 

individuals. 

Morrison-Scott (1952) reports on a collection of 192 skulls of cats from Giza held at the British 

Museum (Natural History). The author notes that, contrary to the Sakkara sample discussed above, 

all individuals seemed to be adults. Three skulls were distinct from the others with regards to the 

greater sizes of the skull and the teeth and were therefore classified as Felis chaus. The remaining 

skulls were compared to specimens of F. [silvestris] libyca (n=91) and of Felis catus (n=58) and it was 

found that the skulls from Giza were significantly larger with regards to the length of the skull than 

those of F. [s.] libyca and the slightly smaller Felis catus. Measurements of the length of the upper 

carnassial tooth showed similar size distributions. It was argued that the majority of the skulls in the 

collection represent the Domestic cat of the ancient Egyptians, sometimes referred to by a 

subspecies name: bubastis. 

A cat mummy was found in a Roman building (first - second centuries CE) at a site in the Red Sea 

coastal city of Quesir. von den Driesch & Boessneck (1983) examined the almost complete skeleton 

Figure 2. Bronze statue of a cat, probably dating to the 
third intermediate period. Photography: Museum 
Gustavianum. 
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of that mummy and found that it was extremely large and heavily built. Presence of stomach 

content revealed that the cat had eaten at least six rats (Rattus rattus) shortly before it died. Despite 

the remarkable size, the authors claimed that it is indeed a house cat based on the relative sizes and 

forms of the teeth, the shape of the tympanic bullae, shape of the lower mandible, the heavily built 

long bones and relatively short radii and tibiae. 

Armitage & Clutton-Brock (1981) examined a 

collection of mummified cats, also held at the 

British Museum (Natural History). These consisted 

of 53, mostly complete, cat mummies with 

unknown provenance but that may have 

originated from Abydos and/or Dendera. 

Radiocarbon dating on linen fragments from two 

of the mummies gave dates corresponding to 

Late Period and Ptolemaic Period respectively. 

Hair shafts from some of the mummies were 

compared to those from modern specimens of 

Felis silvestris libyca, Felis chaus and Domestic 

cat. It was found that the sizes (diameter) of the 

hair shafts were similar to those of Felis silvestris 

libyca and Domestic cat and smaller than those 

for Felis chaus. Moreover, it was shown by 

microscopy that the hair shafts from the mummy 

showed agouti patterning and thus suggests 

that the fur of Domestic cats in ancient Egypt 

were of a striped tabby or Abyssinian type 

(Blumenberg, 1982). Notes on the eruption of teeth and epiphyseal fusion were used to age the cat 

mummies and it was noted that the majority of the cats died at either one - four months or nine - 

twelve months of age. Seven of the cats had dislocated vertebrae and one of them showed an 

injured skull. Sexing of the mummies was not possible. 

One of the main conclusions of the examinations referred to above is that the age distributions and 

causes of death suggest that at least some of the cats were intentionally killed. Even though the 

Egyptians highly venerated the cat and the killing of a cat was a major crime according to Diodorus 

(see the quote above), it seems that cats bred in the temple catteries were killed by strangulation, 

twisting of the neck or by a blow to the head according to the demand on votive mummies 

(Armitage & Clutton-Brock, 1981; Zivie & Lichtenberg, 2005) or to prevent overgrowth in the 

catteries (Malek, 2006). It has been speculated upon that the first age peak (one - four months) in 

the study of Armitage & Clutton-Brock (1981) may represent cats that were easy to fit into suitable 

containers (Malek, 2006) and had a suitable size for mummification (Armitage & Clutton-Brock, 

1981). Further, the second peak at nine - twelve months would consist of individuals not needed for 

breeding (Armitage & Clutton-Brock, 1981) and may represent mainly excessive males that were 

culled before reaching sexual maturity (Malek, 2006). 

Apart from Domestic cats and (probably) Jungle cats, there have been speculations on whether the 

ancient Egyptians ever mummified other small or medium-sized felids. Morrison-Scott (1952) 

Figure 3. Egyptian cat mummy dated to the Roman time 
period. Photography: Geoffrey Metz. 
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mentions sources on skulls that may have belonged to mummies of servals. Indeed, both servals and 

caracals were tamed from at least 1500 BCE according to Faure & Kitchener (2009). However servals 

and caracals occur infrequently on dynastic depictions and their identity is often questioned (Osborn 

& Osbornová, 1998), as are the rare occurancies of sources on mummified servals. Malek referres to 

depictions of servals on New Kingdom faience tiles from the site of Serabit el-Kahdim at Sinai (2006) 

but believes that the serval might not even have been indigenous to Egypt in pharaonic times. It 

may, instead, have been an imported exotic pet. A New Kingdom texts mentions cats of miw56, a 

place name in Nubia, in a list of Nubian tributes. 

1.4.4. Etymological Parallels 

Before proceeding to the next section, a short note should be made on a selection of words used for 

the cat in different languages and their possible origins: 

In most European languages, the name for the Domestic cat is a variant of the Latin word cattus. The 

earliest record of its use is by Palladius, the first bishop in Ireland, in the fifth century CE. The word is 

believed to be derived from a Semitic or Berber language (Zeuner, 1963). The modern Arabic word 

for cat is قطه (quttah). In Upper Egypt, بسه (bisse)57 is used inter-exchangably with قطه (quttah). 

Serpell (2000), Malek (1993, 2006) and Beadle (1977) favour the Nubian word kađiz (meaning cat) as 

the root of the word cat, probably by an intermediary word in a Semitic of North African language. 

Prior to cattus, the word felis was used. That was a term that meant both wild and Domestic cat and 

is thus not diagnostic. In ancient Greek the word for cat is ailouros (Zeuner, 1963). 

Both Zeuner (1963) and Beadle (1977) suggest that the Egyptian goddess Bastet or, by another 

name, Pasht, may have derived the English puss, pussy and related words in European languages. 

This is questioned by Robinsson (1984) and directly opposed by Malek (2006) who instead suggests 

that the puss-words, including the upper Egyptian word bisse, are derivations from an original 

Persian source (p.135). Moreover, it is probable that Zeuner (1963) and Beadle (1977) are mistaken 

about the name of Pasht as an alternate name for Bastet, but is referring to the felid goddess 

Pakhet58 usually considered distinct from Bastet59. 

The word tabby is of Turkish origin (Zeuner, 1963) and originally denoted a special patterned silk 

fabric, once manufactured in a part of Baghdad known as Attabiy (Serpell, 2000) (Malek, 1993). 

For an account on the words for cat in Babylonian and Akkadian languages see Engels (1999, p.45). 
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 Compare the reference to “lord of miww” mentioned on the Old or Middle Kingdom stone block in an earlier 
section. 
57

 It has been suggested that the word bisse (or bisbis) is derived from the name of the cat-goddess Bastet 
(Sety, 2008). 

58
 Pakhet,  (pAxt), was depicted as a lion-headed goddess and had a cult centre at Beni Hassan to 

which a great cat cemetery was connected in the Late Period. She was also coupled to Artemis by the Greek, 
hence the name of the site at Istabl Antar, Speos Artemidos, meaning “the cave of Artemis” (Wilkinson, 2003, 
p.180). 
59

 However, mentions of Pakhet as just another name of Bastet is not uncommon, see e.g. Donalson (1999, 
p.3). 
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In ancient Egyptian, the cat was called by an onomatopoeic word,  (miw, masc. form) or

 (mit or miit, fem. form)60, in demotic imi (imiit or miat as fem. forms) and eru or amu in 

Coptic script (Malek, 2006). There is to the knowledge of the author no reference suggesting that the 

word miw would ever have reproduced into another language61. Noteworthy is that the Egyptian 

language did not make a difference between wild and Domestic cat (as with the word felis). Even 

though Osborn & Osbornová (1998) presents the word miw as for Domestic cat and miit for Wildcat 

referring to Wörterbuch der aegyptischen Sprache II, this is probably wrong. miw is translated as der 

kater and miit as die katze and thus the masculine and feminine forms of the words should be 

understood (Erman & Grapow, 1928). 

1.4.5. The Cat in Antiquity and Beyond 

For a lengthy and deep review of the cultural aspects of the cat in European antiquity and Medieval 

Times, the reader is referred to the book of Professor Donald Engels: Classical Cats (1999). His work 

indicates some remarkable conclusions on how traditions and conceptions about the cat have been 

transformed and transferred through time boundaries, religion shifts and geographic regions.  

As already mentioned, many animals and especially cats were highly venerated and their cults 

became exceptionally popular in Egypt during Greco-Roman times. Contemporary scholars were 

aware of the cats’ sacredness in ancient Egypt which is exemplified by the following quote of 

Polyaenus, a Macedonian author that wrote in the second century CE the Stratagems. In the seventh 

book he wrote about when the Persian ruler Cambyses conquered Egypt in 525 BCE: 

“When Cambyses attacked Pelusium, as being the entrance into Egypt, the 

Egyptians with great resolution defended it: advancing formidable machines 

against the besiegers; and from their catapults throwing darts, stones and 

fire. Against the destructive showers thus discharged upon him Cambyses 

ranged before his front line dogs, sheep, cats, ibises and whatever other 

animals the Egyptians hold sacred. The fear of hurting the animals, which they 

regard with veneration, instantly checked their operations: Cambyses took 

Pelusium; and thus opened himself a passage into Egypt.” (modified from 

(Polyaenus, 1796)) 

The description immediately above may not be historically accurate but it does account for the 

attitudes of the time during which it was written. 

Some of the aspects of the Egyptian culture were spread to other parts of the Mediterranean area 

mainly during the era of Hellenism and the Roman Empire. An example is the religious influence that 

led to the spread of cults of ancient Egyptian gods, especially Isis, a major Egyptian female deity that 

came to rival the cults of the traditional gods of ancient Greece and Rome (Quirke, 2000). At this 

time the connection of Bastet to Isis had been reinforced and thus Bastet sometimes became 

considered as an aspect of Isis. An inscription on the Ptolemaic temple at Edfu (Upper Egypt) 

mentions that bA n Ast im m BAstt, roughly meaning “Bastet is the soul of Isis” (Rutherford, 2008). 
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 Spelling according to Hannig (1995). 
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 However there is an analogous word in Chinese pronounced mao (Beadle, 1977). 
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Ancient writers were aware of, and described in awe, the fascination the Egyptians held for the cat 

and for Bastet. Thus, Bastet had also became known and spread in the ancient world. She was 

associated with the Greek goddess Artemis and the Roman equivalent, Diana. All of them possessed 

associations with aspects typically connected to women; fertility, motherhood, childbearing, 

childrearing et.c. The different forms and combinations of these goddesses flourished as religious 

syncretism was accepted and indeed typical of this era. 

Because the ancient Egyptians held their cats, and many other animals sacred it is sometimes 

believed that there was a ban on exporting cats from ancient Egypt62, an idea perhaps originating 

from the following quote (Diodorus Siculus, book 1, section 84): 

“And if they [the Egyptians] happen to be making a military expedition in 

another country, they ransom the captive cats and hawks and bring them 

back to Egypt, and this they do sometimes even when their supply of money 

for the journey is running short.”  (Diodorus, 1933)  

However, it is unlikely that cats could be restricted to political and cultural boundaries and cats 

related to humans did indeed exist outside of Egypt at the time in question. If the Domestic cats 

were indigenous to Egypt, they likely began to spread at latest by the first half of the second 

millennium BCE (see above on early iconographical sources around the Mediterranean), by trade 

relations that were established and frequent at that time. Indeed, cats are depicted on New 

Kingdom sea-faring vessels according to Engels (1999). He suggests further that the Domestic cats 

are extant in Mesopotamia by the late second millennium BCE as based on linguistic evidences and 

occurrences of cats in omen texts. An even older seal cylinder from Ur, mentioned in section 1.4.1., 

may confirm the presence of cats in the area. Through trade routes, the Domestic cats probably 

reached India by the second century and China by the end of the first half of the first millennium CE 

(Engels, 1999). 

Engels (1999) provides numerous accounts on pictorial representations of cats from the ancient 

Mediterranean area which allows comparison with representations and motifs known from 

pharaonic Egypt. Greek depictions of cats from the middle of the second millennium BCE resembles 

the settings and actions seen in the “hunting/fishing in the marches scenes” of pharaonic Egypt. 

From the first millennium, cats appear in domestic contexts in Greek art where they are sometimes 

found under the chair of a human, a motif that is also attested from a fifth century BCE Etruscan 

scene.  

It is often reported that the further spread of the Domestic cats on the European western continent 

was caused by, and thereby contemporary with, the advances of the Romans63. However, several 

evidences indicate that the Domestic cat was present in great parts of continental Europe already in 

pre-Roman times. It is likely that it was spread by travelling merchants by boarding and jumping 

ships64. Engels recounts on articulated cat remains, that most likely represent Domestic cats, found 
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 Zeuner (1963) argued that “The comparatively late arrival of the cat in Europe was undoubtedly due to the 
embargo the Egyptians had placed on one of their sacred animals” (p 396). 
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 See e.g. (Zeuner, 1963; Robinson, 1984; Clutton-Brock, 1988; Sunquist & Sunquist, 2002). 
64

 Todd attempted to reconstruct the origin and spread of the cats by making cline maps for different fur 
pheotypes (wild type or agouti, non-agouti, sex-linked orange) (Clutton-Brock, 1999; Engels, 1999). 
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at an English Iron Age site at Gussage All Saints dating to the third century BCE. Moreover, O'Connor 

(2007) examined cat remains from an Iron Age site at Howe, Orkney. By applying a technique to 

identify bones of domesticated cats from Wildcats, it was concluded that the bones did indeed 

represent house cats. The site is dated to the fourth to eighth century CE but the remote location, 

isolated from Roman influence, suggests that the remains should be considered as pre-Roman. 

Recently, a vertebra, considered to have likely belonged to a Domestic cat was found in the vincinity 

of Uppsala, Sweden. The bone was radiocarbon dated to 2262 BP+-77 or 400 - 200 BCE (Aspeborg, 

personal communication). 

One can speculate on why the cats became adopted in many European regions in Antiquity. Its use 

as a rodent-killer has been questioned (Faure & Kitchener, 2009). For example, the Black rat (Rattus 

rattus) may not have been introduced into the Mediterranean area until Roman times (Engels, 1999; 

McCormick, 2003) and spread to the European continent thereafter (Clutton-Brock, 1999). 

Moreover, there are indications that people on the European continent in antiquity already held 

other animals, such as the ferret, as pest control and an introduction of cats would have had a 

marginal effect in that respect (Faure & Kitchener, 2009) and would explain the relative slow 

diffusion of the cat into Europe. Andersson (1993) discusses on the introduction of the Domestic cat 

into Scandinavia and notes that neither the Black rat (Rattus rattus) nor the House mouse (Mus 

musculus) were present in the first centuries CE. Instead, she suggests that the cat had a status value 

and were regarded as an “exotic pet”, much like those imported and tamed animals in ancient Egypt 

or the zoological gardens of ancient Greece and Rome (Hughes, 2003). This would be in contrast 

with the view of e.g. Clutton-Brock (1988) that the spread likely was accompanied with the spread of 

the Brown rat (Rattus norvegicus) and the House mouse. 

During the Roman era, and throughout the empire, Isis and her cat companion Bastet were 

enormously popular. One of her attributes at this time was a black robe symbolising the night sky. 

The old attributes such as sistra and kittens were still associated with Bastet and occurred also in 

representations of Artemis. The coat colour was emphasised in the black cats that came to represent 

magic (Engels, 1999). The cat is described by several classical authors such as Claudius Aelian and 

Pliny the Elder. The cat in the literature of the Roman Empire is meticulously accounted for by Dr 

Malcom D. Donalsson (1999). 

In the times of early Christianity, local cults of the old religions were still upheld and did not suffer 

notable persecution, however at the time of the conversion of the emperor Constantine in about 

312 CE, persecutions began on all pagans and non-catholic Christians. Thus the worship of the cat of 

Isis and her likes was banned. 

In Egypt, the cat lost its divinity with the advent of the new religion. Christianity started to spread in 

the first centuries but some practices of the old religion survived locally, especially in the more 

remote and isolated areas. The closure of the temple of Philae (Upper Egypt) with its specific cult of 

Isis at around 550 CE (Wilkinson, 2000), meant the official end of the ancient Egyptian religion 

although some of its aspects have indeed survived in local folklore all the way into present times 

(Quirke, 2000). 

When Roman control weakened in the early Middle Ages, old cults and paganism flourished in 

Western Europe, especially in the countryside. The church came to lessen the role and significance 

of women which is why especially many women kept the worship of pagan gods that were 
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associated with aspects relevant to them. The church associated the cult of Diana with the worship 

of the Devil and the cat came to be regarded as a symbol of Satan himself. The cleanliness was 

another aspect of the cat that distanced it from the medieval church which emphasised non-worldly 

aspects that sometimes expressed themselves in the reluctance of bathing (Engels, 1999). 

Large-scale persecutions of cats and women practicing old believes occurred mainly during the 13th 

to the 17th centuries CE because their worship was considered as connected to evilness. Women, 

especially older, and (thereby) wiser, were at greater risk at being accused of witchery if they 

possessed a cat or was associated with a broom, another symbol of cleanliness. Large numbers of 

cats were regularly caught, tortured and killed, often (ironically) in ways similar to old Celtic 

practices that had became banned in the Christian Roman era. Which-hunts similarly prosecuted 

many women for connections with the Devil resulting in death punishments (Engels, 1999).  

Despite the Inquisition, the cat was often valued on the countryside where people acknowledged its 

usefulness. There were even civilian laws that regulated its value and protection. A peculiar practice 

that lasted for a few hundred years and was common in countries like Britain, Spain and Sweden, 

was the placing of cats inside the walls of buildings (Howard, 1951; Zeuner, 1963; Falk, 2008). Such 

cats have been found during renovations or destructions of old buildings. Some of the entombments 

may have been due to accidents resulting of cats sneaking into construction sites, but at least some 

are intentionally entombed with the purpose of symbolically protecting the new house from mice 

and rats. 

Old practices were still withheld and old traditions connected to the cat survived and developed into 

folklore of Western Europe up to recent times. The image of “the cat and the fiddle” is a common 

motif in the Middle Age churches which shows a cat playing an instrument to which a group of 

kittens is listening. Engels (1999) argues that the fiddle is a replacement of the, similar in 

appearance, sistrum carried by Bastet in representations of her with kittens. Traditions maintain that 

a worship of Bastet survived in Ypres, Belgium, until 962 CE. There she was represented in the form 

of a bronze cat with kittens, indeed similar to the way she was often portrayed in Greco-Roman 

times. The cult of Diana was still practiced in Modena, Italy through the 16th century CE. Moreover, 

the lady with the black robe, her cat and broom is still relevant in modern holiday celebrations as 

Halloween and in the traditions of Easter-witches in certain Scandinavian countries. At Ypres, the 

festival of the cat is still celebrated with a grand parade every third year called the Kattenstoet. 

Returning to the Middle East, it can be noted that even if the cat had lost its sacredness in Egypt, 

there were neither religious opposition to the cat nor any witchcraft hysteria in the Byzantine area. 

The cat experienced further relief by the introduction of Islam in which the cat was a respected 

animal and was given some spiritual meaning. The cat as clean animal was, and is, in general, more 

popular in Muslim countries than what e.g. the dog is. The cat figures in Islamic folklore where it is 

supposed to be able to foretell death and several accounts about the Prophet Mohammed and his 

actions related to cats give the impression of an esteemed animal. However today, in Muslim 

countries, such as Egypt, cats are rarely kept as pets. Omm Sety, in her edited account on Egyptian 

practices and folklore (2008), even notes that tomcats were being killed and eaten in Upper Egypt at 

the time of her writing (1960’s and 1970’s). On the other hand, she also describes the uses of cats in 

medicine and the belief that the cat can enhance the fertility and youthfulness of women. Folktales 

further describe how some people can take the form of a cat at night during sleep. Omm Sety (2008) 
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also refers to instances of local practises of keeping the cat as a sacred animal at the villages at 

Giza65 where it was considered highly unlucky to kill a cat. In Cairo today, and in other places in 

Egypt, there is a number of animal charities which aim to care and nurture stray animals. Such 

practices is no modern invention, homes for stray cats were already present in the early city of Cairo 

where the Mameluk Sultan Baybars founded a cat shelter in 1280 CE (Engels, 1999). 

1.5. Suggested Scenarios for the Domestication of the Cat 
Subsets of evidences presented in this text have been used to suggest, with variation, the settings in 

which the domestication of the cat may have occurred. 

As previously mentioned, it has often been stated that the cat became a domesticate in ancient 

Egypt at the times surrounding the Middle or New Kingdoms. Indeed, the cat is rarely represented in 

Egyptian sources predating the Middle Kingdom. The scarcity of depictions and textual evidences 

have been interpreted as if the cat had not yet been domesticated (Linseele et al., 2007) perhaps 

because there had not yet arisen any motives of the human society to do so (Faure & Kitchener, 

2009), even though sedentism and agriculture had been implemented in the area since long. 

Another explanation could be that the cats became domesticated in another part of the Middle East 

and that domestic stock had not yet arrived into the area of ancient Egypt. However, Linseele et al. 

(2007; 2008) and Friedman et al. (2011) discusses Predynastic cat remains that exhibit features 

suggestive of captivity (healed fractures) and domestication (altered reproduction pattern), 

respectively. From the Middle Kingdom onwards the frequency of references to cats in the Egyptian 

material accelerates. Malek (2006) concludes that, whether the cats until that time had been 

domesticated or not, they had started to fulfil a role in the society and established a firm 

relationship with humans. In the New Kingdom private tomb scenes of banqueting or symbolic 

hunting cats often figured in the role of house cats or even as pets and were shown being brought, 

leashed, fed or pampered. Malek (2006) argues that the cats by then must have been domesticated 

as they are depicted with such comfort in the homes and families of the tomb owners, but the 

question remains if those scenes show newly domesticated cats or cats from an older domestic 

lineage. As discussed above, the hunting scene is a very old motif in Egyptian art, but the addition of 

the cat was a new invention by the time in question. Engels (1999) and Baldwin (1975) believe that 

the cat was used to flush out birds to facilitate the tomb owner’s hunt in the fowling scenes, but it is 

also possible that the cat were there solely in the role of a family member.  

Moreover, the significance of the cat in religion and mythology increased substantially to reach its 

peak in the Late and Greco-Roman periods, in which the goddess Bastet, originally a lion-headed 

deity, was represented by a cat or a cat-headed woman. Malek (2006) argues again that the majority 

of the mummified cats that at this time came from temple catteries or households must have been 

domesticated cats. 

The occurrence of archaeological, iconographical and historical references to cats from areas 

adjacent to Egypt are scarce up until the second millennium BCE but becomes increasingly common 

during the second half of the first millennium BCE in a way apparently concordant with a slow 

diffusion of Domestic cats from an Egyptian origin. However, the interpretation of the occurrences 
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 Sakkara, where a cult of the cat goddess was held and large cat burial places have been found (see above) 
can be considered as the cemetery area belonging to the same area as Giza and the city of Memphis. 
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of the sources, of which a majority of the most important are listed and discussed above, suffers 

from an enormous representativity problem. 

More recently, the discussion has turned to focus on older indications of Domestic cats suggesting 

that the time and place of the cat domestication should be looked for substantially earlier and 

outside of the area of ancient Egypt. The publication of the find of a cat in the 7500 BCE tomb at 

Cyprus (Vigne et al., 2004) is commonly referred to as a support of such views indicating that the 

domestication could have occurred within a wider region of the Near East, perhaps parallel to the 

development of agriculture in the area. 

However, before evaluating the different theories, it is important to note that the archaeological and 

iconographical sources that may indicate a certain relationship between humans and cats, may not 

discern anything substantially important as to when the domestication event or events actually 

occurred66. That is, when and where did the present Domestic cat lineage, that is distinct from the 

founder Wildcat population, first occur? 

Driscoll et al. (2007)  examined short tandem repeats (36) and mitochondrial data (2500 base pairs 

(bp)) for a large number of wild and Domestic cats and found that all Domestic and feral cats in their 

study clustered with Wildcats representing a current extent in the Middle East (Felis silvestris libyca 

or similar subspecies designations, which they call the Near Eastern Wildcat). They conclude that 

domestication probably occurred in the Near East coincident with early development of agriculture. 

They showed that the Domestic cat clade consists of at least five distinct mitochondrial lineages far 

older than the likely date of domestication which means that it was founded by at least five females. 

Their paper and its title, “The Near Eastern Origin of Cat Domestication”, can be perceived as to have 

strengthened the shift in the general opinion of discarding the theory of ancient Egypt as the setting 

of cat domestication. However, the results of the Driscoll et al. study were based on only a small 

number of Near Eastern Wildcat individuals that were sampled in Bahrain67 (7), Saudi Arabia (3), 

Israel (11) and the United Arab Emirates (1). Thus, it was shown that Domestic cats are derived from 

F. s. libyca (as previously asserted) but their study cannot reveal further from which area of the 

natural extent of F. s. libyca the Domestic cats originate. Especially, it does not reveal anything about 

the likelihood of ancient Egypt as the origin because Egypt (and larger parts of North Africa) should 

be included in the Driscoll et al. use of the term Near East as it should, in this context, be understood 

as the area of the natural (ancient) distribution of F. s. libyca68. Likewise, it does not provide any 

indications concerning as to when or how the Domestic cat lineage appeared although the authors 

argue that it was coincident with early agricultural development in the so called “Fertile Crescent” by 

a mechanism similar to what is described as “self-domestication” above.  
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 Assuming that, by now, the domestic cat is actually domesticated, in some sense of the word. See the 
discussion in section 1.2.1.5. 
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 The Bahraini cats are designated as Dilmun cats and it is not clear if they do represent indigenous wildcats or 
should be considered as a natural breed of feral cats (see e.g. Cat Society of Bahrain and Pet Animals 
http://www.csbpa.com). Their applicability as representing wildcats in the Driscoll et al. study can therefore be 
questioned. 
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 The restricted distribution of samples is to some extent acknowledged by the authors in the Supplemental 
Text and it was stated that sampling of wildcat populations of North Africa, and Egypt especially, had not been 
achievable within their project. 

http://www.csbpa.com/
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The idea of “self-domestication” in which the cats gradually adapted to human proximity and 

environment and eventually formed a distinct population is regularly favoured (Zeuner, 1963; Todd, 

1978; Kitchener, 1991; Malek, 2006; Gifford-Gonzalez & Hanotte, 2011) as an explanation for how 

the cat got domesticated. It provides a reasonable means by which cats adapted to a new ecological 

niche in early agricultural societies by eating rodents and thereby protecting the humans from food 

spoilage, disease spread and snake bites. Malek (2006) prefers the idea of a passive domestication 

contrary to an active, deliberate domestication based on religious grounds in ancient Egypt because 

of the little importance the cat had in religion in the earlier periods. He further argues it unlikely that 

Domestic cats would have been introduced from abroad. That is because of the lack of compelling 

evidences for such a scenario and because the Egyptians were fully capable to perform 

domestication themselves in that they had the traditions and facilities to do so (taming). Likewise, 

Baldwin (1975) refutes the idea that religious purposes would have been sufficient to achieve 

domestication of the cat in ancient Egypt and refers to the fact that other animals important in the 

ancient Egyptian religion failed to become domesticates.  

If the cats, in the sense of passive domestication, domesticated themselves, it would theoretically be 

possible for domestication of cats to occur repeatedly in areas where the progenitor species existed 

following the spread or repeated inventions of agriculture. The result of Driscoll et al. (2007) does 

support the possibility of a multiple origin by at least five females, but Driscoll et al. (2009) discard 

the idea of separate and independent origins of the Domestic cats of today, partly because the 

different lineages in the Domestic cat/Felis silvestris libyca clade lacks biogeographic structure. 

Driscoll et al. (Driscoll et al., 2009) then concludes that multiple Wildcat matrilines would have been 

incorporated into an initial Domestic cat population under a longer time span and regionally spread 

area which is indicated by the considerable early date for the last common ancestor of the Domestic 

cat/Felis silvestris libyca clade (>100 KYR (Driscoll et al., 2007)69. Moreover, the lack of variation of 

genetic variability between the Domestic cats and their wild progenitors did not provide any 

indication of a genetic bottleneck effect at the foundation of the Domestic cat lineage.  

Other scholars claim that cats may have had a symbiotic lifestyle with human societies for a long 

time but true domestication did not occur until artificial selection opposed by people or intentional 

taming started (Baldwin, 1975; Serpell, 2000; Faure & Kitchener, 2009). The purpose would have 

been to keep the cats for those favourable abilities traditionally ascribed to it, such as a controller of 

vermin and disease (Kratochvil & Kratochvil, 1976; Clutton-Brock, 1999). Records of plagues, 

decimating of grain stores and diseases spread by rodents are known from historical and biblical 

accounts so it may be reasonable to believe that the humans at the time realized the usefulness of 

the cat and even encouraged its proximity to their settlements (Sunquist & Sunquist, 2002)70. 

However, some argue that the practical aspects of the cat is not sufficient to explain the desire of 
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 This number has been mis-quoted as representing the age of the cat domestication e.g. Gunn-Moore et al. 
(2008). 
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 The Egyptians were certainly aware of the predator-prey relation between cats and mice as is evident in the 
satirical sketches from the artists village at Deir el Medina, as well as a citation from 18

th
 Dynasty Medical text 

Papyrus Ebers (Spell 847) on how to keep mice away : “Another remedy for preventing mice from reaching 
something: fat of a cat. Place [it] on everything” (Halioua & Ziskind, 2005). Moreover, its protection against 
snakes was an important feature in mythology, as discussed above and in the chapter on Egypt in Library of 
History (book 1, section 87): “The cat is likewise useful against asps with their deadly bite and the other reptiles 
that sting...” (Diodorus, 1933). See also the description of the scene in the tomb of Baket III described above in 
section 1.4.3.3. 
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humans to keep it (Driscoll et al., 2009; Faure & Kitchener, 2009), and moreover, the nature of the 

cat makes it unlikely to act on command upon the wishes of humans. Alternatively, the intentional 

taming could have occurred due to reasons of immaterial culture such as religion, magic, 

superstition and mythology (Boettger, 1958; Isaac, 1970) or solely for companionship since they are 

considered nice to cuddle (Serpell, 2000). The domestication could thus have accelerated in the form 

of an active domestication process in Egypt (Robinson, 1984) where there were facilities and 

traditions for keeping animals in captivity. Baldwin (1975) describes the different stages in which he 

argues domestication would have arisen in ancient Egypt as a long and gradual process: The initial 

phase consisted of increasingly frequent contact between cats and humans in pre-agricultural, and 

early agricultural societies. Eventually, cats started to be kept in captivity for religious or similar 

purposes and finally reached full domestication after which its popularity reached its peak and 

gradually diffused out of Egypt. Although the location of the villages in the ancient Nile Valley (close 

to the desert edge and the habitats of the Wildcats) would have been ideal to initiate contact 

between Wildcats and humans, such a process may also have started elsewhere, outside of Egypt. 

Thus, controlled breeding of imported stock from the east in Egyptian catteries could also have 

resulted in fully domesticated animals (Faure & Kitchener, 2009). 

From the scope of evidences a few observations contributes with information about the cat and its 

domesticated status apart from their own existence: 

Diodorus Siculus (book 1, section 83) mentions that: 

“...while for the cats and ichneumons they [the Egyptians] break up bread into 

milk and calling them with a clucking sound set it before them, or else they cut 

up fish caught in the Nile and feed the flesh to them raw; and in like manner 

each of the other kinds of animals is provided with the appropriate food”

 (Diodorus, 1933) 

A non-domesticate would not have drunken milk except as juveniles according to Malek (2006), 

which indicates that the Egyptians held domesticated cats by the time of the writing of Diodorus 

Siculus (first century BCE). Moreover, the Middle Kingdom find of what may be pots for milk71 

offerings to cats implies a similar conclusion as is also suggested by Malek (2006). 

Clutton-Brock (1988) and Sunquist & Sunquist (2002), among others, notes on the similarity of the 

cats in the depictions of ancient Egypt to the modern African wildcat (striped tabby) which could be 

interpreted as if they represent cats that have not undergone domestication or had fairly recently 

been domesticated72. Sunquist & Sunquist (2002) also notes on the remarkably upright posture 

usually seen in the representation of sitting cats from Ancient Egypt that is not possible for most 

modern Domestic cats (an excellent example is the so-called “Gayer-Anderson cat” displayed at the 

British Museum, cf. the cat in figure 2)73. Smithers (1968), also notes of the upright sitting position 

which is due to the long front legs and also notes on the long tail, narrow chest and emphasised 

shoulder blades of the cats in Egyptian images, all of which are characteristics of the African wildcat. 
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 See section 1.4.3.3. 
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Traits characteristic of domesticated species may not evolve immediately after the domestication is 
considered complete as discussed in Vigne (2011). 
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 Some reservation for the possibility of idealistic representation should be considered though. 



 

 52   

Another peculiarity is the generally large size, compared with modern Domestic cats, of the Egyptian 

cat remains and mummies (eg. Armitage & Clutton-Brock, 1981) that have been examined. If the 

mummified animals were domesticated cats, one would expect the cats to be smaller as decrease of 

body size is a usual effect following domestication (Clutton-Brock, 1988)74. Engels (1999) explains 

this discrepancy by hypothesizing that interbreeding between Wildcats and Domestic cats have 

reduced the size of the modern African Wildcat and that the mummies represent newly 

domesticated cats that were more closely related to and thus more similar in size to the progenitor 

cats. Another, perhaps more likely, explanation is that the (adult) cat mummies, to a large extent, 

represent cats that were held in temple catteries where they were venerated, well-fed and 

pampered (Gautier, 1999) and thus reached a larger body size than a normal house cat. von den 

Driesch & Boessneck (1983) suggested that the large size may have been selected for to enhance the 

cats’ function as ratters. However, Gautier (1999) mentions two localities, one of them by Old 

Kingdom date, where finds of small cats and cats with reduced cranial capacity have been found, 

features that may have resulted from domestication. 

To conclude the discussion about different theories on the domestication of the cat, it can be 

ascertained that Domestic cats were indeed extant at the time of the later Egyptian kingdoms and in 

classical Antiquity (the time of Hellenism and the Roman Empire) due to the large amount of cultural 

evidences referring to the cat in human society. However, the similarities of phenotype with the 

Wildcat and the lack of compelling evidences of domestication leave the age of the present 

Domestic cat lineage unknown. It is therefore not known if the cats in Antiquity represented an old 

lineage or if they were a population that had spread from a more recent origin. Two major 

categories of opposing explanations evolve when examining the discussion: 

 One that favours an older origin of the Domestic cat lineage, placed at the time and location 

of early agricultural societies in the Middle East (ca 9000 BCE) concordant with a passive 

domestication mechanism.  

 The other allows the date to be put much later in prehistory, or even history, and is 

explained by an active role of the human societies in which captivity keeping and taming was 

essential to complete domestication of the cat. The area and time periods of ancient Egypt 

are often suggested as the setting of such an event or process75. 
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 However, it can be questioned if that generalisation is applicable for small animals as the cat. 
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 The often cited Baldwin (1975) places the date for the earliest cat domestication at approximately 2000 BCE 
(the Egyptian Middle Kingdom). 



 

 53   

2. Aim and Project Design 
The origin(s) of the modern Domestic cat lineage, as to when, in which area and by what mechanism 

the domestication of it took place, is of general interest in several disciplines. Although many 

evidences in the form of ancient sources exist no compelling synthesis have been accomplished and, 

as noted by Lyons (2008, p.42): “...the true origins and the number of domestication events that led 

to the domestication of the cat has not yet been resolved and also remain a mystery”. 

Significant work has been performed on phylogeny on Domestic cats and Wildcats which has 

revealed important information on their interrelatedness but the representation of cats from the 

area of North Africa, and specifically Egypt, in those studies, has been nearly absent until very 

recently. Grahn et al. (2011) compared mitochondrial control region sequences (402 bp) of 130 

random bred cats from Lower (Cairo), Middle (Asyut) and Upper Egypt (Luxor, Abu Simbel) with 

corresponding sequences of cats sampled from 24 world-wide populations (random-bred) (n=1027) 

and 26 breeds (n=367). They identified 12 major mitotypes whose distributions did show 

geographical variation. 

Data on the genetic diversity of the Domestic cats in Egypt and/or their relatedness with other 

Domestic cats of the world is believed to have the potential to contribute to the overall discussion of 

cat domestication as the area and time period of ancient Egypt may have played a significant role in 

the emergence of domesticated cats. 

The initial aim of this project was to collect and analyse genetic data from a set of modern Egyptian 

Domestic cats with the intention of contributing to the discourse presented above. Mitochondrial 

data was chosen as the focus of study for several reasons:  

 Mitochondrial genome sequences allow comparison with the mitochondrial DNA (mtDNA) 

data made available thorough earlier studies76. 

 Mitochondrial DNA evolves at a relatively rapid rate (Lynch et al., 2006) and is in general 

non-recombining (Nabholz et al. 2008) making the analyses potentially informative and easy 

to interpret. 

 For simplicity, the majority of the cats were sampled by collecting hairs shafts directly from 

the fur of the living cats. mtDNA is more abundant in number than nuclear DNA (McNevin et 

al., 2005) which would make it easier to retrieve in the form of long sequences in material 

where DNA suffers of degradation of some extent, as in hair (Muller et al., 2007). 

 Establishing a system of information based on cat mtDNA data may prove useful in future 

studies aimed at analyses of ancient cat remains77 where preservation issues make mtDNA 

substantially more likely to be retrievable than nuclear DNA. 

Moreover, the complete mitochondrial genome (mitogenome), instead of partial sequences, was 

targeted for three major reasons: 

 Greater resolution of phylogenies is expected as partial sequences might be less and not 

sufficiently informative (cf. Morin et al. (2010)). Thus was it anticipated that mitogenomic 

data would be able to confirm or reject conclusions drawn in previous studies78. 
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 Mainly Tamada et al. (2005), Driscoll et al. (2007) and Grahn et al. (2011). 
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 See the section “Future Investigations”. 
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 Multiple studies based on different parts of the genome could be used for comparison, and 

moreover linked to each other. 

 The recently introduced availability of high-throughput sequencing technology allows long 

sequences and whole genomes to be sequenced in a cost- and work-efficient manner. It has 

previously been used mainly for de novo sequencing or for construction of intra-specific 

phylogenies. No published, previous work using cat mitogenomics for intra-specific study has 

been made79. 

The analyses consisted mainly of construction of phylogeny of the sampled cats based on their 

mitochondrial genome and of phylogeny of the sampled cats and cats from other studies based on 

selected mtDNA sequences. The data obtained from the sampled cats were also used to perform 

computer simulations of different ages for the date of the domestication event and founder 

population sizes to evaluate different domestication hypotheses.  

As a consequence of the experimental setup, an evaluation of preservation and extraction methods 

of mtDNA in hair shafts, as well as optimization of amplification of long sequences, became 

additional parts of the work. 
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 E.g. the sub-clade divisions in Driscoll et al. (2007). 
79

 The complete mitochondrial genome of the cat, consisting of 17009 bp was first sequenced by Lopez et al. 
(1996) (GenBank accession number U20753). 
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3. Material and Methods 

3.1. Sample Collection 
A total of 41 house cats (Felis catus) were 

sampled in the rural areas on the west 

bank of Luxor, a minor city in Upper Egypt, 

located some 700 kilometres south of 

Cairo. Hair samples were taken from 35 

individuals (no. 1 - 36) of these and the 

remaining four cats (individuals no. 38-41) 

were sampled by mouth swab procedure. 

The cats were located by enquiring people 

in the different neighbourhoods. The 

purpose of the sampling was briefly 

described to the persons living in the 

sampling areas after which they almost 

exclusively accepted and supported the 

mission. Great attention was paid to 

avoiding sampling of cats from the same 

maternal line as far as that was possible 

to accomplish. In general, that meant that only one cat was sampled from each household or minor 

neighbourhood. The majority of the cats were not tame and thus had to be tracked and caught prior 

to sampling, an act that was accompanied by the great amusement of the local children (see figure 

4). While one person was firmly holding the cat, a sample was taken as quickly as possible to 

minimize the distress of the cat and of the sampling assistants. Fur samples were taken by cutting off 

hair with a scissor after which the hair shafts were put into pre-numbered, sterile tubes that were 

immediately closed as the cat was released. Mouth-swab samples were collected by sampling of 

saliva and epithelial cells through quickly and firmly rubbing a sterile cotton stick against the inside 

of the cheek of the cat. The cotton stick was put and stored in tubes as described above. The 

provenience (name of the village) and a short description of fur type were noted for the majority of 

the cats, photos were also taken for reference. The sizes of the individual fur samples varied 

considerably depending on the temper of the cat and the thickness of its fur. As kittens were easier 

to catch and handle, many samples consisted of thin and short hair shafts. The samples were stored 

at room temperature until the time for analysis. 

For reference, one tame house cat (non-bred) from Sweden (no. 37) was also sampled by collecting 

hair shafts analogous to the description above. 

DNA extracts from two Sardinian wildcats (no. S1 and S2) were provided from an external source. 

These two are believed to represent Felis silvestris libyca, that is, the wild cat species that is 

supposed to be the ancestor of the Domestic cat and were thus included in the analysis as reference 

material.  

3.2. Sample Preparation and DNA Extraction  
Depending on the quantity and quality of the hair shafts, complete samples or parts of samples were 

prepared for DNA extraction:  

Figure 4. Domestic cat caught for sampling in el Rozga village, 
Upper Egypt (photography by the author). 
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To eliminate possible surface contaminants from the hair shafts, each hair sample was washed by 

soaking it in a 1 % bleach solution for a few minutes after which it was thoroughly rinsed (5 – 6 

times) in Milli-Q purified water. 

DNA was extracted from each preparation through a commercial silica-membrane type kit (DNeasy 

Blood & Tissue Kit, Qiagen). The de-contaminated samples were lysed overnight, placed on a rocking 

platform in 37° C, by 20 µl of proteinase K solution The extract was concentrated by spinning 15 min 

in 4000 rpm in an Amicon Ultra centrifugal filter column with a 30 kDa80 weight cut-off size. The 

extracted DNA was purified according to the manufacturer’s protocol and eluted into 200 µl of 

elution buffer.  

3.3. Amplification 
In order to access the complete mitogenome of the 44 sample preparations, the sequence was 

targeted in four sections with small overlaps (S, A, B and C), according to figure 5, which were 

amplified separately by PCR. 

 

Figure 5. The mitochondrial genome of the cat with gene extents and nucleotide numbers as revealed by Lopez et al. 

(1996). The division of the genome into sections S, A, B and C, as used in this study, is indicated in red, yellow, green and 

purple. 
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 Roughly corresponding to a double DNA strand of 50 bp. 
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The primer pair surrounding segment S together with details on PCR setup was provided from an 

external source. For the other three segments (A, B and C) primer pairs were designed using the 

primer design feature in the Geneious81 bioinformatics software based on a reference sequence82. 

Primer pairs and PCR setup (for segments A, B and C) were optimized through a trial and error 

method. Due to the large sequence lengths and low yield expectancy from hair extracts, extra care 

was taken to develop a system that minimized, or set to zero, the amplification yield in blank 

samples. Amplification of extracts of human, dog and cattle DNA was used to ascertain that none of 

the primer pairs for segments A, B and C could fit nucleotide sequences well enough to allow 

amplification of possible contamination of DNA from those species under the PCR conditions given. 

Amplification was performed on 25 µl aliquots containing 2 µl of DNA template in a thermal cycler 

(Mastercycler ®, Eppendorf) according to the protocols given in the tables below (table 3 – 6): 

 Position
83

 Length 

(bp) 

Forward Primer (5´ to 3´) Sequence Reverse Primer (5´ to 3´) Sequence 

S 

 

1446-2813 1368 GCT TAA AAC TYA AAG GAC YTG GCG G  GGT GAT GTT TTT GGT AAA CAG GCG G  

A

  

2767-7945 5179 AGG AAC TCG GCA AAC ACA AG GGG GAT GTA GCA TCT TGG AA  

B

  

7911-13256 5346 CCC TTT CAACTA GCT TTC CAA G  TTC TCG TGT TGG GTG ATA AAG A  

C 13187-1528 5331 CCA TAG CAT GAT TTC TCA CCA A  TGA GGT ATA TCG GGG TTT ATC G  

Table 3. The sequence of the mitochondrial genome was split into four segments (S, A, B and C) according the primer 
sequences given in this table (Y = C or T). 

PCR Setup Protocol  (S) Final Concentration 

Forward Primer 0.2 µM 

Reverse Primer 0.2 µM 

dNTPs 0.2 mM 

MgSO4 2 mM 

Platinum® Taq  DNA Polymerase 1U 

BSA (bovine serum albumin) 400 ng/µl 

Table 4. PCR setup protocol for amplification of segment S. 

PCR Setup Protocol  (A, B and C) Final Concentration 

Forward Primer 0.4 µM 

Reverse Primer 0.4 µM 

dNTPs 0.4 mM 

MgSO4 2 mM 

Platinum® Taq  DNA Polymerase 1U 

BSA (bovine serum albumin) 400 ng/µl 

Table 5. PCR setup protocol for amplification of segments A, B and C. 
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 Drummond AJ, Ashton B, Buxton S, Cheung M, Heled J, Kearse M, Moir R, Stones-Havas S, Thierer T, Wilson 

A (2011) Geneious v4.8, Available from http://www.geneious.com. 
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 GenBank: NC_001700.1 GI:5835205 Lopez et al (1996). 
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 Nucleotide number for start- and stop sites refers to the sequence of Lopez et al. (1996). 

http://www.geneious.com/
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Thermal Cycler Program (S) Temperature Time 

Step 1:  Initial denaturation 94°C 2 min 

Step 2:  Denaturation 94°C 30 s 

Step 3:  Annealing 59°C 30 s 

Step 4:  Elongation 68°C 2 min 

Step 5:  Final elongation 72°C 7 min 

Step 6:  Storage 4°C ∞ 

Number of cycles (step 2-4) =35   

Table 6. Thermal cycler program for amplification of segment S. 

Thermal Cycler Program (A, B and C) Temperature Time 

Step 1:  Initial denaturation 94°C 2 min 

Step 2:  Denaturation 94°C 30 s 

Step 3:  Annealing 54°C 30 s 

Step 4:  Elongation 68°C 6 min 

Step 5:  Final elongation 72°C 7 min 

Step 6:  Storage 4°C ∞ 

Number of cycles (step 2-4) =35   

Table 7. Thermal cycler program for amplification of segments A, B and C. 

The PCR products were washed by using of a commercial purification kit (MSB®Spin PCRapace, 

Invitek) according to the protocol of the manufacturer. Amplification success was assessed by size 

separation in agarose gel electrophoresis followed by EtBr staining. 

3.4. Sequencing 
The PCR products of the individual cat samples (n=30) for which all four segments had been 

amplified with success, that is, a relatively strong and specific band of the expected size was 

observed after gel electrophoresis, were prepared for parallel sequencing.  

Firstly, the DNA content of each of the PCR products was quantified by spectrophotometry 

(NanoDrop 1000, Thermo Fisher Scientific). All the PCR products belonging to the same mitogenome 

(cat individual) were then pooled by adding of amounts according to the different concentrations 

and amplicon lengths of the PCR products. In other words, each pool was constructed so that it 

contained roughly the same amount (number) of DNA molecules representing the four segments. 

Finally, the pools were diluted so that they all consisted of 200 µl each, containing roughly the same 

amount of DNA (not exceeding 200 ng). 

The pools were then sent off to be sequenced in a Genome Sequencer FLX system (454 Life Sciences) 

at facilities in a separate location (not performed by the author).  

The assembled sequences84 were received in ACE format files and imported into Geneious in which 

the distribution of sequence reads between and within the mitogenomes could be assessed. Four 

sequences (no 25, 34, 35 and S1) were discarded and excluded from the following analyses due to 
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 28 mitogenomes were sequenced of which 27 assemblies were received. The ACE file for the assembly 

corresponding to cat individual 8 was too large to be loaded into Geneious whereby only the consensus 

sequence was received. Given the large size of the file, it is reasonable to believe that there was no need to 

manually edit the sequence because the coverage should be sufficiently good. 
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their extremely low coverage. For the rest of the assemblies, consensus sequences were extracted 

from the ACE files and aligned using the Geneious alignment function with the default values. The 

resulting alignment was visually inspected to detect polymorphic sites that might be due to 

sequencing artefacts. All such sites were manually examined through inspection of the assemblies in 

question in order to determine if the discrepancy was likely to be due to variation among the 

mitogenomes or due to errors that originated during sequencing. Such errors could be caused by tag 

sequences that had not been properly removed during assembly, mis-aligning or low coverage at 

that specific site. When an error was suspected to be the likely cause of the variation, the site was 

manually edited and given the value of the corresponding sites of the other consensus sequences (in 

the case of singletons). A conservative attitude was applied in the judgement, especially in the case 

of gaps in repetitive sequences. If the probable value of an ambiguous site could not be determined 

from the assembly of reads, e.g. if a significant proportion of the reads at a well-represented site 

differed in value, ambiguity symbols (R, Y et. c.) were given according to the IUPAC85 code. 

3.5. Data Analyses 
An alignment containing the 24 edited mitogenome sequences together with the reference 

sequence referred to above86, was constructed by ClustalW2 (Larkin et al., 2007; Goujon et al., 

2010), available at http://www.ebi.ac.uk, using the default settings. The sequence was visually 

checked for obvious errors. 

3.5.1. Phylogeny and Population Genetics 

A test for the evolutionary model most fit for the data, based on the alignment above, was 

constructed in the software MEGA 5.05 (Tamura et al., 2011). The HKY+I+Γ model (Hasegawa Kishino 

Yano model with invariant sites and gamma shaped distribution of mutation rates) with the 

following parameter values was used for phylogeny reconstruction on the data set based on three 

different methods:  

 Proportion of invariable sites: 0.49 

 Shape of gamma distribution: 0.05 

An initial phylogenetic tree was constructed in MEGA 5.05 by the Neighbour-Joining method with 

1000 bootstrap replicates after which Maximum Likelihood phylogeny was created by PhyML 3.0 

(Guindon et al., 2010) using the HKY85 model and 1000 bootstrap replicates. Finally, Bayesian 

inference was conducted by 2 000 000  Markov chain Monte Carlo (MCMC) generations using 

MrBayes 3.2 (Huelsenbeck et al., 2001; Ronquist & Huelsenbeck, 2003) with a burnin value 

corresponding to 25 % and tree-sampling every 500 generations. 

Trees were visualised in FigTree 1.3.1 (available at http://tree.bio.ed.ac.uk/software/figtree/) based 

on the Bayesian Inference phylogram indicating nodes with relevant confidence values from the 

different methods. The reference sequence, was used to root the tree because of its basal position 
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1974) Pure and Applied Chemistry 40 (3), 277 - 331 (1974). 
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 GenBank: NC_001700.1 GI:5835205 Lopez et al (1996). 

http://www.ebi.ac.uk/
http://tree.bio.ed.ac.uk/software/figtree/
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implied in fig 2. (A) in Driscoll et al. (2007, p.522). No other suitable mitogenome was available to 

use as an out-group87. 

Sequence variation (number of haplotypes and average pair wise distances) were computed in 

Arlequin 3.5.1.2 (Excoffier & Lischer, 2010) and summarized for different sub-sets of the data. A pair 

wise distance matrix for 10 of the sequences was constructed in MEGA 5.05. 

To examine the quality of the data and to detect possible errors that had emerged during the 

laboratory procedure, the align was divided into four segments (1530-2767, 2815-7911, 7947-13187, 

13268-1448) corresponding to the non-overlapping sequences of the four amplicon regions (S, A, B 

and C). The different segments were used separately for Maximum Likelihood phylogeny 

constructions (1000 bootstrap iterations) as above but with estimated values for proportion of 

invariable sites and gamma shape parameter. 

Further phylogeny reconstructions were made on the whole sequences by Maximum Likelihood 

method as above, but with slightly modified data sets.  

Since two of the 24 selected mitogenomes (no 14 and 24) had substantially more gaps (missing data) 

than the rest, it was assessed to which degree those gaps would affect the results of the 

phylogenies. An alignment based on the reference sequence and all the mitogenomes except for 

number 14 and 24 (total 23 sequences) was made by ClustalW2 (analogous with above). The number 

of non-gap (missing data) sites thus increased from 12256 to 14925. Likewise, because it was 

suspected that sequence number 23 might be erroneous and because the reference sequence may 

be of lesser quality than the rest of the genomes, two new alignments were made (as above) on 22 

sequences (all new mitogenomes except 14 and 24) and 21 sequences (all the new mitogenomes 

except 14, 24, and 23). The three alignments were then used to reconstruct the phylogeny 

(Maximum Likelihood, as above) and presented in the form of the consensus tree of the 21 

sequences with bootstrap support (of 1000 iterations) indicated for the different data sets. 

In order to relate the 24 cat mitogenomes with those mtDNA sequences from Domestic cats and 

Wildcats in Driscoll et al. (2007), the regions corresponding to base pair numbers 12607-15212 

(genes ND5, ND6 and partial CytB) of the reference sequence were extracted. 164 sequences 

corresponding to the mtDNA haplotypes acquired in the Driscoll et al. (2007) study88 were 

downloaded from GenBank and aligned together with the 24 extractions and the reference 

sequence using ClustalW2. 

The alignment (189 sequences) was used to reconstruct the phylogeny by Neighbour-Joining (1000 

bootstrap iterations) in MEGA 5.05, Maximum Likelihood (100 bootstrap iterations) by PhyML 3.0 

and Bayesian Inference (no. of generations=4 200 000) by Mr Bayes 3.2 (as described above). The 

results were visualised by the Maximum Likelihood phylogram with the different cat categories 

colour-coded as in figure 2. (A) of Driscoll et al. (2007, p.522). Confidence values were compared for 

corresponding nodes in Driscoll et al. figure 2. (A) (2007, p.522). Clade identification was made 
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 The available mitogenome that is most closely related to the Domestic cat was the Cheetah (Acinonyx 
jubatus) NC_005212.1 GI:38349475, which was considered to be too distantly related to be useful in this 
context. 
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 Cf. appendix A. 



 

 61   

according to the designations used in Driscoll et al. (2007) and sub-clades were defined by well 

supported nodes in the phylogram of the 24 mitogenomes and the reference sequence. 

In order to attempt assessing divergence times for well-defined clades and sub-clades by the 

linearised tree method, Tajima’s relative rate test (Tajima, 1993) in MEGA 5.05 was applied to check 

for rate heterogeneity. The null hypothesis (homogeneity of mutations rates) was considered to be 

rejected if the P-value of a χ2-test was ≤0.05. 20 of the new mitogenomes (omitting 14, 23, 24 and 

37) were aligned together with the reference sequence by ClustalW2 as described above. A 

Phylogram was built by Maximum Likelihood in MEGA 5.05 with the model described above. The 

tree, based on 15091 sites, was linearised in MEGA 5.05 by vertically aligning all tips. An estimated 

mean substitution rate for cat mitochondrial DNA (0.0378 substitutions/site/million years)89 based 

on the divergence time of cat and dog (gamma rates model, with shape parameter= 1.0) was 

adopted from Piganeau & Eyre-Walker (2009) to date some of the interesting nodes.  

 

Figure 6. The relative locations on the reference mitogenome of the different sets of sequences that were used as 
comparative material in this study. 

Finally, a subset of the sequences (representing Egyptian cats) was used to compare haplotype 

diversity and pair wise differences with three previous studies based on cat mtDNA sequences: 

Grahn et al. (2011) collected samples of cat populations from different parts of the world, including 

Egypt, from which 402 bp of control region (CR) sequences (corresponding to 16814 – 206 of the 

reference sequence) were sequenced and made available through GenBank (see appendix A). The 

resulting haplotypes were compared with the corresponding regions of the 22 Egyptian 

mitogenomes. This was done by creating an alignment (ClustalW2, as above) and identical 

haplotypes were identified in Geneious by evaluating their pair wise similarities. The haplotype 

identities were correlated with the lineage designations of this study as well as with the clade 

designations of Driscoll et al. (2007). Moreover, variance in the distribution of haplotype frequencies 

were assessed for three different populations (the Egyptian cats of this study, the Egyptian cats in 

the Grahn et al. (2011) study and the total world-wide population of non bred cats in Grahn et al. 

(2011)). Number of haplotypes was counted and averages of pair wise distances for the Egyptian 

cats of this study were computed in MEGA 5.05.  
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 Cf. the average mutation rate of mammalian mtDNA of 3.3%bp/Myr noted in Morin et al. (2010). 
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The study of Tamada et al. (2005) presented Cytochrome B (CytB) sequences (1140 bp 

corresponding to 15038 – 16177 of the reference sequence) and control region sequences (D-loop, 

350 bp corresponding to 16316 – 16664 of the reference sequence90) from 50 Domestic cats 

sampled on the Tsushima Islands (Japan). The haplotypes of these regions were accessed through 

the DNA Data Bank of Japan (DDBJ), aligned and compared with corresponding sequences of the 

Egyptian cat mitogenomes of this study. Numbers of haplotypes, average pair wise differences and 

FST were calculated using the Kimura-2 parameter model in Arlequin 3.5.1.2. Phylogeny 

reconstruction based on the control region fragment was attempted by PhyML (Maximum 

Likelihood based on the KHY85 model and with 1000 bootstrap replicates). 

From the study of Randi et al. (2001), 27 sequences of 340 bp control region corresponding to 16425 

– 16760 of the reference sequence, of what was pre-classified as Domestic cats sampled in Italy, 

were accessed from the alignment ALIGN_000094 at ftp://ftp.ebi.ac.uk/pub/databases/embl/align. 

Number of haplotypes, average pair wise differences and FST were calculated using the Kimura-2 

parameter model in Arlequin 3.5.1.2. 

3.5.2. Simulations 

In order to evaluate different hypotheses of the origin of domestication of the cat as discussed in the 

literature (see above) genetic diversity data were simulated through a backwards coalescent 

approach in the software Bayesian Serial SimCoal (BayeSSC) (Excoffier et al., 2000; Anderson et al., 

2005). A number of different scenarios were tested by creating models where age and number of 

founders (females) varied: 

Variable Values:    

Time Since 

Domestication 

2 500 years (Late 

Period of Ancient 

Egypt) 

3 500 years 

(beginning of 

Egyptian New 

Kingdom) 

5 500 years 

(Predynastic 

Egypt) 

10 000 years 

(Origin of 

agriculture) 

Number of Female 

Founders 
5 50 5 00 5000 

Table 8. Variables defining the different hypotheses that were simulated. 5 female founders are taken as a lower 
extreme in which a few specific individuals have given rise to the whole clade. 50/500 could correspond to cat a lineage 
that has evolved out of temple precincts or catteries. 5000 is to be considered an upper limit representing local/regional 
founder population (cf. estimates of effective population sizes below). 

For each model, 1000 simulations were performed by BayeSSC. The resulting genetic diversity data 

were statistically analysed in Microsoft Office Excel 2007. Corresponding diversity values for the 

alignment of the Egyptian sequences (n=19) of this study were acquired through analyses in Arlequin 

3.5.1.2. Because the mutation rates between the different regions of the mitochondrial genome are 

known to vary (cf. the gamma rates model with shape = 0.05, used in this study obtained by Mega 

5.05), and the control region has an especially high mutation rate (Galtier et al., 2006), a subset of 

the data was used composed of all protein-coding sites only (9390 sites, gaps and missing data were 

ignored). Information on the ranges of the different genes was deduced from the annotated 

sequence of Lopez et al. (1996). The evolutionary model best fitted to the data was HKY (no gamma 

correction) based on the model test function provided in MEGA 5.05. 
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A hypothesis was considered to be rejected if at least one of the chosen genetic diversity values of 

the data set differed from the mean of the simulations by more than two standard deviations. 

In order to perform the simulations, a mutation rate for the data (all protein-coding loci) had to be 

evaluated. This was initially done by aligning (as above) the Egyptian cat sequences with the 

corresponding regions of the closest relative of the Domestic cat for which the complete 

mitochondrial genome was available in GenBank, namely the Cheetah (Acinonyx jubatus) (Puma 

lineage) (AY463959.1 GI:38373498) (Burger et al., 2004). A linearised tree based on the alignment 

(9389 sites, gaps and missing data were ignored) was constructed in MEGA 5.05 by the Maximum 

Likelihood with the TN (Tamura-Nei) substitution model. The time since the last common ancestor of 

the Domestic cat and the cheetah (6.7 (5.27-9.2) Myr) was adopted from Johnson et al. (2006). That 

value had been estimated from nuclear DNA sequences and fossil calibrations dates representing 

different lineages of the Felidae. The earliest fossil of a cheetah precursor is dated to 3.8 Myr and 

the earliest fossil of old world Felis is 4.23 Myr old (Johnson et al., 2006), which gives a lower limit 

for the age of the Puma lineage. Similar calculations were performed in BEAST (Drummond & 

Rambaut, 2007) using the GTR (General Time Reversible) and HKY models.  

The mutation rate corresponding to the protein-coding parts of the genome was also obtained by 

using the age of the last common ancestor of the five Domestic cat lineages calculated above (using 

the HKY model), by use of the same method. Finally, mutation rates were calculated by weighing 

rates suggested for the individual genes derived from analyses of the divergence of the Lopez-numt 

and calibrated for 12S rRNA, 16S rRNA and ND2 genes. 

It was decided to apply two estimates of mutation rates deduced from comparisons of the analyses 

results (see Results section):  

 1.00% bp/Myr 

 2.00% bp/Myr 

The effective population size (Ne) was calculated by θ=2Neμ, where θ is the Watterson estimator 

and μ is the mutation rate per site per generation. A value for θ= 0.002276 was achieved by use of 

the software Lamarc 2.1.6 (Kuhner, 2006) with the F84 substitution model and the ratio of 

transitions to transversions= 106/4 (obtained from calculations in Arlequin 3.5.1.3.) The generation 

time for the Domestic cat is approximated as 4 years in Piganeau & Eyre-Walker (2009) which is 

similar to what was observed in a rural cat population (3.81) (Kaeuffer et al., 2004) and gives the 

values for μ: 

 4x10-8/generation 

 8x10-8/generation 

Thus, two estimates of effective population size arise: 

 (Ne)=28450 

 (Ne)=14225 
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The following input parameters were used to set up the simulation in-files: 

Parameter Value(s) Deduction and Comment 

Deme Size 

28450 

14225 

The deme size parameter represents the effective (female) population 

size (Ne) estimated for the Domestic Cat. The values were deduced from 

the value of θ estimated in Lamarc 2.1.6 for the two mutation rates.  

 

Sample Size 

19 

The sample size denotes the number of sequences representing the 

population, in this case all the Egyptian cats of this study excluding 14, 23 

and 24. 

Growth 

Rate (-r) N(0)\t 625 875 1375 2500 
The growth rate (-r) 

is the negative of the 

intrinsic growth rate: 

r=((ln Ne (t)-ln N 

(0))/t), where Ne 

equals the number 

for the parameter 

“Deme Size” and 

N(0) is the number of 

female founders 

involved in the 

proposed 

domestication event 

and varied according 

to table 8. t is the 

time that has passed 

since the 

domestication and is 

expressed in number 

of generations and is 

varied according to 

the numbers given in 

table 8.  

5 -0.013830 -0.009882 -0.006288 -0.003458 

50 -0.010150 -0.007250 -0.004614 -0.002537 

500 -0.006466 -0.004619 -0.002939 -0.001617 

5000 -0.002782 -0.001987 -0.001265 -0.000695 

 

N(0)\t 625 875 1375 2500 

5 -0.012725 -0.009089 -0.005784 -0.003181 

50 -0.009041 -0.006458 -0.004111 -0.002260 

500 -0.005357 -0.003826 -0.002435 -0.001339 

5000 -0.001673 -0.001194 -0.000760 -0.000418 

Mutation 

Rate 
0.0007512bp/gen 

0.0003756 bp/gen 

The mutation rate for all loci (9390 excluding missing data) per 

generation. 

Transition 

Bias 0.964 
The proportion of the substitutions that are transitions; 106/110, 

based on calculations in Arlequin 3.5.1.3. 

Table 9. Parameter values used to set up the simulation in-files. 
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4. Results 

4.1. Success Rates 
The success rates for the laboratory procedure are summarised in the table below 

Starting number of individual samples: 44  

Successfully amplified genomes: 3091 ≈68% of starting number 

Number of sequenced genomes: 28 ≈64% of starting number 

Number of retrieved sequences with ≥95% completeness: 22 =50% of starting number 

Number of complete, non-ambiguous mitogenome sequences: 10 ≈23% of starting number 

Table 10. Success rates for the different steps of obtaining nucleotide sequences from the original samples. 

4.2. Sequencing and Coverage 
40 MB of reads were obtained from the sequence run. Their distribution with regards to sequence 

length is shown in figure 7. 

 

Figure 7. Distribution of sequence length reads. 
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 Corresponding to 127 amplified sequences. It was noted that most of the samples that failed complete 
amplification were due to faint bands after EtBr staining or low DNA concentration indicated by 
spectrophotometry for segments B and C. 
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The assembled, manually checked and edited mitogenomes are listed in table 11. Different 

measures of quality are indicated in numbers and colours and their distribution is visualised in figure 

8 and 9.  

Mitogenome 

ID 

# Reads Coverage92 # N93 # Ambiguous 

Sites94 

Proportion of 

Complete and Non-

ambiguous Sites95  

Length of 

Genome96 

(bp) 

3 5267 76.0 0 0 100.00% 17007 

4 1001 15.2 82 1 99.51% 17007 

5 1410 23.1 0 0 100.00% 17008 

6 1989 33.8 716 2 95.788% 17009 

8 ≈10000
97

 ≈150
98

 0 3 99.98% 17007 

12 5615 84.2 0 0 100.00% 17007 

13 3395 54.4 0 0 100.00% 17007 

14 1248 24.7 2271 3 86.63% 17007 

15 664 9.80 570 1 96.64% 17007 

16 2582 42.3 0 1 99.99% 16999 

17 1252 19.2 225 0 98.68% 17007 

18 1236 17.4 0 0 100.00% 17007 

20 2050 34.7 0 1 99.99% 16999 

22 1571 25.4 0 1 99.99% 17007 

23 913 16.8 143 8 99.11% 17008 

24 797 12.3 1943 7 88.53% 17007 

25 273 3.9 5702 44 33.78% 17031 

29 2228 32.5 0 1 99.99% 17007 

30 2768 40.5 0 0 100.00% 17007 

33 3679 60.3 0 0 100.00% 16999 

34 51 0.6 9641 43 43.13% 17027 

35 38 0.5 11567 28 31.88% 17022 

36 2941 46.0 0 0 100.00% 17007 

37 1132 16.2 126 6 99.22% 17008 

39 5318 79.7 0 0 100.00% 16999 

41 2522 35.6 0 0 100.00% 17007 

S1 31 0.4 11735 17 31.03% 17040 

S2 804 11.7 509 0 97.01% 17008 

Table 11. The mitogenomes achieved from editing of the sequence reads assemblies. These are colour-coded according 

to their quality (assessed from coverage and genome proportion of determined sites) as following: red: unacceptable 

(discarded), yellow: acceptable, green: good. The mitogenomes marked by green are further separated into: incomplete 

(light green), complete with ambiguous sites (medium green), complete without ambiguous sites (dark green). 

 
                                                           
92

 Defined as the mean value for how many times a site in the sequence is read. 
93

 Number of sites for which data is missing. 
94

 Number of sites with a degenerate nucleotide code. 
95

 Proportion of the sites of the genome sequence that is determined (without ambiguity). 
96

 The reference sequence is 17009 bp long. 
97

 Number of reads was estimated as the assembly for mitogenome 8 was not available. 
98

 Coverage was estimated as the assembly for mitogenome 8 was not available. 
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Figure 8. The distribution of total sequence length for the 24 mitogenomes of acceptable or good quality. 

 

 
Figure 9. Distribution of the complete, non-ambiguous proportion of the 24 mitogenomes (column six in table 11). 

Pair wise distances and number of haplotypes for the 24 genomes are presented in the table below 

(table 12). The pair wise distance matrix for the complete, non-ambiguous mitogenomes is shown in 

table 13: 

0 

2 

4 

6 

8 

10 

12 

14 

16 

16999 bp 17007 bp 17008 bp 17009 bp 

Mitochondrial Genome Sequence Length (n=24) 

Distribution of Completeness among the  
Mitogenomes (n=24) 

100 (%)  (10) 

99 - 100 (%)  (8) 

95 - 99 (%)  (4) 

85 - 95 (%)  (2) 
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Mitogenomes 

# of 

usable 

Loci99 

# of Haplotypes 

(full sequences 

/usable loci) 

# of 

Polymorphic 

Sites 

# of Transitions 

/Transversions 

/Indels 

Gene 

Diversity 

Mean Number of 

Pair Wise 

Differences 

 

Average 

Nucleotide 

Diversity (%) 

 

All Cats (n=24) 
12298 24/22 170 152/9/11 

0.992 +/- 

0.014 
39.08 +/- 17.60 0.318 +/- 0.160 

Egyptian Cats (n=22) 
12559 22/20 169 151/9/11 

0.991 +/- 

0.017 
37.19 +/- 16.82 0.296 +/- 0.149 

All Cats excluding 14, 23, 

24 (n=21) 
15073 21/20 199 180/10/11 

0.995 +/- 

0.017 
48.51 +/- 21.88 0.322 +/- 0.162 

Egyptian Cats excluding 

14, 23, 24 (n=19) 
15517 19/18 200 181/10/11 

0.994 +/- 

0.019 
46.31 +/- 21.00 0.298 +/- 0.151 

Complete, Non-

ambiguous Sequences 

(n=10) (all from Egypt) 

17010 10/10 187 164/8/17 
1.000 +/- 

0.045 
57.76 +/- 27.10 0.3396 +/- 0.180 

Table 12. Summary of sequence variation statistics on different sub-sets of the mitogenomes of this study computed on the 17010 bp alignment (constructed according to the main text) 
by Arlequin 3.5.1.2. 

                                                           
99

 Defined in Arlequin as sites with less than 0.0% missing data. 
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 03 05 12 13 18 30 33 36 39 41 

03           

05 0.810%          

12 0.348% 0.724%         

13 0.072% 0.826% 0.348%        

18 0.030% 0.802% 0.355% 0.066%       

30 0.222% 0.779% 0.322% 0.222% 0.241%      

33 0.072% 0.857% 0.362% 0.036% 0.078% 0.222%     

36 0.369% 0.748% 0.042% 0.369% 0.376% 0.342% 0.383%    

39 0.361% 0.739% 0.048% 0.362% 0.368% 0.335% 0.375% 0.066%   

41 0.208% 0.733% 0.308% 0.209% 0.215% 0.108% 0.234% 0.302% 0.308%  

Table 13. Pair wise distances between the 10 complete, non-ambiguous mitogenomes of this study. 

No pair of the mitogenome sequences was identical considering their whole sequences (see table 12 

and 13), but by comparing only the part of the alignment that is covered by all mitogenomes 

(without gaps or missing data), two haplotypes with frequencies >1 were detected (see table 12). 

Sequences with identical haplotypes (based on 12 298 sites) were identified as: 

 12=36 

 29=33 

Some of the non-identical haplotypes were highly similar and the sequence pairs with five or less 

differences are listed in table 14 (based on 12 522 sites). 

Mitogenome 

Pair 

1 Site 

Difference 

(0.008%) 

2 Sites 

Difference 

(0.016%) 

3 Sites 

Difference 

(0.024%) 

4 Sites 

Difference 

(0.032%) 

5 Sites 

Difference 

(0.040%) 

03+13    X  

03+18 X     

03+14     X 

03+29   X   

03+33   X   

04+12 X     

04+22   X   

04+36 X     

08+12    X  

08+14     X 

08+18 X     

08+33   X   

12+22  X    

12+39  X    

13+14   X   
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13+15     X 

13+16    X  

13+17    X  

13+18     X 

13+29   X   

13+33   X   

14+16     X 

14+17   X   

14+29    X  

14+33    X  

15+17     X 

16+18 X     

16+29   X   

16+33   X   

18+29    X  

22+36  X    

22+26  X    

Table 14. Pair wise distances for sequences (12 522 bp) with the number of different sites equalling five or less. 
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4.3. Phylogeny 

 

Figure 10. Phylogram of the 24 mitogenomes and reference sequence based on phylogeny obtained by MrBayes 3.2 

(Bayesian Inference) using the HKY+I+Γ model of DNA evolution and 2 000000 MCMC generations, according to the main 

text. Nodes with strong confidence values are marked with a red asterisk, and major supported clades are highlighted in 

colour. Those are defined as having ≥95 % posterior probability and/or ≥70% bootstrap (out of 1000 iterations) values 

for corresponding nodes in phylograms constructed by Neighbour-Joining (MEGA 5.05) and/or Maximum Likelihood 

(PhyML) (see main text). The confidence values are specified in tables 17 and 18. 

Following are three phylograms based on the 24 mitogenomes together with the reference 

sequence for the three sections corresponding to the non-overlapping sequences of segment A, B 

and C. The tree that was constructed from the non-overlapping sequences of segment S is not 
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shown because of lack of resolution (no interior nodes with more than 50% bootstrap values).The 

phylogenies were constructed by the Maximum Likelihood method as described above. 

 

Figure 11. Phylogram of 24 mitogenomes plus the reference sequence for the non-overlapping sequence of section A, 

obtained by Maximum Likelihood Method. Confidence values ≥50% (bootstrap) are shown at nodes. 
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Figure 12. Phylogram of 24 mitogenomes plus reference sequence for the non-overlapping sequence of section B, 

obtained by Maximum Likelihood Method. Confidence values ≥50% (bootstrap) are shown at nodes. 

 

Figure 13. Phylogram of 24 mitogenomes plus reference sequence for the non-overlapping sequence of section C, 

obtained by Maximum Likelihood Method. Confidence values ≥50% (bootstrap) are shown at nodes. 
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Figure 14. Phylogram obtained by Maximum Likelihood method on a data set containing 21 of the 24 new mitogenomes 

(14, 23 and 24 omitted). Bootstrap values from four phylogeny reconstructions on the different data sets containing 25, 

23, 22 and 21 (as in this figure) sequences respectively (see main text) are listed in table 15 for nodes with support 

values ≥70% for at least one of the datasets. Those nodes are marked in the figure by red Roman numerals. Supported 

clades are highlighted in colour. 
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Node (as 

in fig 14) 

Bootstrap Value 

(%) for 25100 

Sequences 

Bootstrap Value 

(%) for 23101 

Sequences 

Bootstrap Value 

(%) for 22102 

Sequences 

Bootstrap Value 

(%) for 21103 

Sequences 

I 69 83 84 85 

II 57 73 78 76 

III 92 94 95 93 

IV 62 98 100 100 

V 44 - - 100 

VI 60 - - 98 

VII 99 - - 100 

VIII 48 71 75 74 

IX 100 100 96 100 

X 100 100 100 100 

XI 100 100 100 100 

XII 100 98 97 98 

Table 15. Bootstrap support values (in % of 1000 iterations) for Maximum Likelihood phylogeny reconstruction, 
performed according to the main text, for datasets of different sizes (defined in the footnotes). Node numbers refer to 
the markings in figure 14. 

                                                           
100

 03, 04, 05, 06, 08, 12, 13, 14, 15, 16, 17, 18, 20, 22, 23, 24, 29, 30, 33, 36, 37, 39, 41, S2 and REF (Same data 
set as for the phylogram in figure 10) 
101

 03, 04, 05, 06, 08, 12, 13, 15, 16, 17, 18, 20, 22, 23, 29, 30, 33, 36, 37, 39, 41, S2 and REF (14, 24 omitted) 
102

 03, 04, 05, 06, 08, 12, 13, 15, 16, 17, 18, 20, 22, 23, 29, 30, 33, 36, 37, 39, 41 and S2 (14, 24 and REF 
omitted) 
103

 03, 04, 05, 06, 08, 12, 13, 15, 16, 17, 18, 20, 22, 29, 30, 33, 36, 37, 39, 41 and S2 (14, 23, 24 and REF 
omitted) 
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Figure 15. Phylogenetic tree based on the alignment (2639 bp) of the mtDNA haplotypes (165) in Driscoll et al. (2007) 

and corresponding sequences for the 24 mitogenomes of this study. The tree was constructed by Neighbour-Joining in 

MEGA 5.05. Branches are colour coded as to correspond to figure 2. (A) in Driscoll et al. (2007, p.522): black: Sand cat 

clade (VI), red: Chinese desert cat clade (V), green: European wildcat clade (I), blue: Southern African wildcat clade (II), 

purple: Asian wildcat clade (III), orange: Near Eastern and Central Asian wildcat and Domestic cat clade (IV). Clade IV 

Near Eastern wildcat haplotypes are marked by green asterisks
104

. The sequences belonging to the mitogenomes of this 

study are indicated by: blue  asterisk (37), yellow asterisk (s2) and red asterisks (the rest) (clade IV) and their identities 

are as follows (listed up to down): 36, 12, 22, 04, 39, 30, 41, 23, 18, 15, 14, 29, 16, 08, 03, 24, 33, 13, 17, 37, 06, S2, 05, 20. 

The reference sequence is marked by a black asterisk. Lineages within clade IV are highlighted in colour and are 

correlated to the designations in Driscoll et al. (2007) as following: yellow: A, light red: B, blue: C, light green: D, grey: E. 

Cf. table 17 for confidence values (bootstrap/posterior probability) for some of the nodes. 

                                                           
104

 The A-lineage (yellow shading) contains haplotypes of Wildcats from United Arab Emirates (n=1), Saudi 
Arabia (n=2), Israel (n=5), the B-lineage (pink shading) contains haplotypes of Wildcats from Israel (n=4) and 
the C-lineage (blue shading) contains haplotypes of Wildcats from Israel (n=2). The Bahraini cats were excluded 
for reasons noted in section 1.5. 
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Sequence Set 

# of Sites excluding 

Gaps and Missing 

Data 

Average Pair 

Wise Distance 

# of 

Haplotypes  

All cats of this study (n=24) for the 

Driscoll et al. (2007) segment 
1 967 

0.100% or ≈2 

sites 
13 

All Egyptian cats of this study (n=22) for 

the Driscoll et al. (2007) segment 
2 065 

0.123% or ≈3 

sites 
11 

All cats of this study excluding no. 14, 23 

and 24 (n=21) for the Driscoll et al. 

(2007) segment 

2 328 
0.140% or ≈3 

sites 
11 

All Egyptian cats of this study, excluding 

14, 23 and 24 (n=19) for the Driscoll et al. 

(2007) segment 

2 425 
0.155% or ≈4 

sites 
9 

All clade IV cats of Driscoll et al. (2007) 

(n=595)105 
- 

0.239% or ≈6 

sites 
116 

Table 16. Sequence variation of different sample sets of the 2604 bp alignment of the mitogenomes of this study. The 
values for the clade IV sequences of Driscoll et al. (2007) were adopted from Table S2. in the Supplemental Text. 

The 24 sequences were grouped into lineage A, B and C of Driscoll et al. (2007) (figure 15) and those 

groupings correspond well with the supported nodes of the phylogram based on their complete 

sequences (figure 10) according to the table below (table 17). No cats in this study clustered with the 

Driscoll et al. cats in lineage D, E or any of the Wildcat clades (I, II, III, V, and VI). The reference 

sequence belongs to lineage E. 
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 Values are adopted from Table S2. in the Supplemental Text of Driscoll et al. (2007). 
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Lineage 

Confidence Values of 

Node in Driscoll et al. 

(2007)
106

 (%) 

Confidence 

Values of Node 

in Figure 15
107

 

(%) 

Confidence Values of 

Corresponding Node in 

Figure 10
108

 (%) 

Mitogenomes 

A 

(yellow) 
54/71/100/87 52/96 97/97/100 

03, 04, 08, 12, 13, 14, 

15, 16, 17, 18, 22, 23, 

24, 29, 30, 33, 36, 37, 

39, 41 

B (light 

red) 
80/80/100/82 76/100 99/99/100

109
 06 

C (blue) 42/59/97/63 43/95 100/100/100 05, 20, S2 

D (light 

green) 
88/99/100/98 90/100   

E (grey) 82/100/100/100 35/98  REF 

Table 17. The lineages defined in Driscoll et al. (2007) with the corresponding nodes and lineages of the mitogenomes of 

this study. 

In addition, figure 10 indicates further divisions of the A and C –lineages into sub-lineages not 

recognised by Driscoll et al. (2007): 

Sub-

lineage 

Confidence Values of Corresponding Node in 

Figure 10
110

 (%) 
Mitogenomes 

A.1. 100/100/100 04, 12, 22, 36, 39 

A.1.1 60/63/90 04, 12, 22, 36 

A.1.1.1 -/-/98 04, 12, 22 

A.1.1.1.1 -/-/98 04, 22 

A.2 
67/62/100 

03, 08, 13, 14, 15, 16, 17, 18, 23 29, 30, 

33, 37, 41 

A.2.1 87/87
111

/100 30, 41, 23 

A.2.2 -/-/96
112

 03, 08, 13, 14, 15, 16, 17, 18, 29, 33, 37, 

A.2.2.1 85/86/100
113

 29, 33 

A.2.2.2 -/-/96 03, 08, 16, 18, 37 

C.1 81/100/76 05, S2 

Table 18. Sub-lineages indicated from the 24 mitogenomes of this study 
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 The confidence values (bootstrap support and posterior probability values) are given as: Neighbour Joining 
(100 bootstrap iterations)/ Maximum Likelihood (100 bootstrap iterations)/ Bayesian Inference/ Maximum 
Parsimony) based on the Tamura-Nei+I+G and GTR+I+G evolutionary models. 
107

 The confidence values (bootstrap support and posterior probability values) are given as: Maximum 
Likelihood (1000 bootstrap iterations)/ Bayesian Inference (6302 sampled trees)). 
108

 The confidence values (bootstrap support and posterior probability values) are given as: Neighbour Joining 
(1000 bootstrap replicates)/ Maximum Likelihood (1000 bootstrap iterations)/ Bayesian Inference (2 000000 
generations). 
109

 Refers to node IX in figure 14, that is, the support for the lineage AB. 
110

 The confidence values (bootstrap support and posterior probability values) are given as: Neighbour Joining 
(1000 bootstrap replicates)/ Maximum Likelihood (1000 bootstrap replicates)/ Bayesian Inference (2 000000 
generations). 
111

 Maximum Likelihood bootstrap values in figures 11, 12 and 13 equals 96, 98 and 82 respectively. 
112

 Confidence values in figure 14: 62/98/100/100. 
113

 Confidence values in figure 14: 92/94/95/93. 
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Figure 16. Linearised Maximum Likelihood tree with dating (in years) of well supported nodes. Time spans for the proposed period of early domestication in the Fertile Crescent and the Middle and New 
Kingdoms in ancient Egypt are indicated. Tajima’s relative rate test (Tajima, 1993) was performed in MEGA 5.05; the molecular clock was not rejected. The bars at nodes indicate the range of two standard 

errors.
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Mitogenome(s) 
Lineage Designation of 

This Study
114

 

Haplotype Identity of Grahn 

et al. (2011) 

Lineage Designation in 

Driscoll et al. (2007) 

04, 12, 22, 36, 39 A.1 C A 

13, 14, 15, 17, 29, 

33 
A.2 D A 

41, 30, 23
115

 A.2.1 G A 

03, 08, 16, 18, 37, A.2.2 D5 A 

06 B E B 

24 A D5?
116

 A 

20 C A?
117

 C 

05, S2 C.1 I?
118

 C 

REF - H?
119

 E 

Table 19. Haplotype identification of the cats in this study according to the designations used in Grahn et al. (2011) and 
comparison with the lineage designations of Driscoll et al. (2007). 
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 Cf. tables 17 and 18. 
115

 Mitogenome 23 has an ambiguity (Y) at position 46 where Grahn et al. (2011) haplotype G has a C. 
116

 Mitogenome 24 resembles most closely universal haplotype C by three substitutions. Sequence 24 has a C 
instead of a T in position 252, a T instead of a C in position 355 and a C instead of a T in position 365. However, 
by comparing with the universal and subtype haplotype network in Grahn et al. figure 1 (2011, p.39) one finds 
that subtype D5 and OL1 is only two substitutions different, that is 24 has a T instead of a C in position 46 and 
a G instead of an A in position 172. Moreover it has been observed that the positions of sequence 24 in 
different phylograms generally have low support. 
117

 Mitogenome 20 resembles most closely haplotype A which is one substitution apart from it: Mitogenome 
20 has a T instead of a C in alignment position 153. 
118

 Mitogenomes 05 and S2 (identical for the region in question) most closely resemble haplotype I which is 
one indel and two substitutions apart from 05 and 24. Haplotype I have an inserted A at position 260, 
Mitogenomes 05 and S2 have a C instead of a T in position 144 and an A instead of a G in position 203. 
119

 The reference sequence is most similar to major haplotype H but differ on 22 sites. 
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Figure 17. The relative distributions of the universal and subtype control region haplotypes among all the random bred 
cats (n=1027) in the study of Grahn et al. (2011). 

 

Figure 18. The relative distributions of the universal and subtype control region haplotypes of the cats sampled in Egypt 
in the study of Grahn et al. (2011). 
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Figure 19. The relative distributions of the universal and subtype control region haplotypes as in Grahn et al. (2011) 
obtained from GenBank (see appendix A) of the cats sampled in this study

120
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 Of the ten individuals, four had the D subtype haplotype D5 called haplotype M in the GenBank sequence 
(GQ497299.1 292659148). 
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Sequence Set 

# of Sites 

excluding Gaps 

and Missing Data 

Average Pair 

Wise 

Distance 

# of Haplogroups (universal 

with derived 

haplotypes121/other) 

All Egyptian cats of this 

Study (n=22) for the 

Grahn et al. (2011) 

Segment 

400 
1.1% or ≈4 

sites 
4/3

122
 

All Egyptian Cats (n=130) 

in the  Grahn et al. (2011) 

study 

- 
123

 11/5
124

 

All random bred Cats 

(n=1027) in the Grahn et 

al. (2011) Study 

- 
1.6% or≈6 

sites
125

 
12/73 

Table 20. Sequence variation of the two different samples of the 403 bp control region alignment of the sequences of 
this study together with the sequences in Grahn et al. (2011). 

 

Sequence Set 
# of 

usable 
Loci126 

Mean 
number of 
Pair Wise 

Differences 

Nucleotide 
Diversity 

(%) 

Number of 

Transitions 

/Transversions 

/Indels 

# of Haplotypes 

(recognized by 

Tamada et al. 

(2005)127/other) 

All Egyptian 

Cats of this 

Study (n=22) 

for the Tamada 

et al. (2005) 

CytB Segment 

1127 3.81 +/-1.99 
0.337 +/- 

0.002 
16/0/0 0/8 

All (Japanese) 

cats (n=50) in 

the Tamada et 

al. (2005) 

1140 6.58 +/-3.16 
0.578

128
 +/- 

0.308 
19/0/0 6/0 
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 A-L and their derivatives as in Grahn et al. (2011). 
122

 Four cats represented 3 haplotypes not recognized by Grahn et al. (2011). 
123

 Information not available for Egypt alone but corresponds to 1.16% for the region Eastern Mediterranean 
(defined as Egypt, Israel, Lebanon, Turkey) according to Supplementary table 1 of Grahn et al. (2011). 
124

 5 cats represented unique haplotypes. 
125

 Number taken from the publication (Grahn et al., 2011). 
126

 Defined in Arlequin as sites with less than 0.0% missing data. 
127

 Tamada et al. (2005) recognized 6 haplotypes (A, B, C, D, E and F) for the CytB segment and 10 haplotypes 
(a, b, c, d, e, f, g, h, i and j) for the CR segment. 
128

 0.69% is given in the publication (Tamada et al., 2005). 
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Study CytB 

Segment 

All Egyptian 

Cats of this 

Study (n=22) 

for the Tamada 

et al. (2005) CR 

Segment 

349 2.97 +/- 1.61 
0.851 +/- 
0.5160 

7/2/0 0/7 

All (Japanese) 

cats (n=50) in 

the Tamada et 

al. (2005) 

Study CR 

Segment 

349 3.59 +/- 1.85 
1.028 +/- 
0.5890 

12/2/0 10/- 

Table 21. Sequence variation of the two different samples of the 1140 bp CytB and 350bp CR segments of the Egyptian 

cat sequences of this study together with the sequences in Tamada et al. (2005).  

Populations: Egyptian Cats of 

this study (n=22) and Japanese 

cats (n=50) in the Tamada et al. 

(2005) Study 

Population Average 

Pair Wise Differences 

between Populations 

Corrected Average 

Pair Wise Difference 

between Populations 

Population 

Pair Wise FST 

CR Segment 4.59 1.28 0.270 

CytB Segment 8.30 3.06 0.343 

Table 22. Populations differences and FST between the Egyptian and Japanese cat populations based on the sequence 
segments in Tamada et al. (2005). 

As seen in table 17, no haplotypes were shared between the Egyptian cats of this study and the 

Japanese cats of Tamada et al. (2005). The reference sequence was not identical with any of the 

Egyptian or Japanese sequences. Likewise, neither the Sardinian wildcat nor the Swedish house cat 

was identical to any of the Japanese haplotypes. Phylogeny reconstruction was attempted for the 

control region segment by Maximum Likelihood method but the resulting tree showed very low 

bootstrap support values for all of the branches (data not shown). However, phylogeny was 

reconstructed for the CytB region by Maximum Likelihood method (as above) (tree not shown) in 

which haplotype B clustered with sequences 05, 20 and S2 (lineage C) (95.5 % bootstrap value), 

haplotypes A and C clustered with 06 (lineage B) (95.2% bootstrap value) and the rest of the 

haplotypes (D, E, F) clustered with the A-group sequences (70.1 % bootstrap support). 
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Sequence Set 
# of 

usable 
Loci129 

Mean Number 
of Pair Wise 
Differences 

Nucleotide 
Diversity 

(%) 

Number of 

Transitions 

/Transversions 

/Indels 

# of Haplotypes 

(recognized  by 

Randi et al. 

(2001) /other) 

All Egyptian cats 

of this study 

(n=22) for the 

Randi et al. 

(2001) CR 

Segment 

336 2.71 +/- 1.50 
0.807 +/- 
0.497 

7/1/0 0/6 

All Italian 

Domestic Cats 

(n=26) in the 

Randi et al. 

(2001) study for 

the CR Segment 

296 5.10 +/- 2.56 
1.72 +/- 
0.962 

21/2/8 19/0 

Table 23. Sequence variation of the two different samples of the 340bp CR segment of the Egyptian cat sequences of this 

study together with the Italian Domestic cat sequences in Randi et al. (2001). 

Populations: Egyptian Cats of 

this study (n=22) and Italian 

Cats (n=26) in the Randi et al. 

(2001) Study 

Population Average 

Pair Wise Differences 

between Populations 

Corrected Average 

Pair Wise Differences 

between Populations 

Population 

Pair Wise FST 

CR Segment 4.22 0.30 0.0668 

Table 24. Populations differences and FST between the Egyptian cat sequences and the Italian Domestic cat based on the 
sequence segments in Randi et al. (2001). 

As with the comparisons with the Japanese cats, no haplotypes were shared between the Egyptian 

cats of this study and the Italian cats of Randi et al. study. The reference sequence was not identical 

with any of the Egyptian or Italian sequences. Likewise, neither the Sardinian wildcat nor the 

Swedish house cat was identical to any of the Italian Domestic cat haplotypes. 
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 Defined in Arlequin as sites with less than 0.0% missing data. 
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4.4. Simulation Outcome 

The different methods used to calculate the average mutation rates of the protein-coding 

proportion of the cat mitochondrial genome yielded divergent results which are listed below: 

Method Software 
Evolutionary 

Model 
Parameter: 

Mutation Rate 

(%bp/Myr): 

Calibration with Cheetah Divergence 

Time 

MEGA TN 

Age of Puma 

Lineage (Myr): 

 

4.23 1.74 

6.7 0.99 

9.2 0.72 

BEAST 
HKY 6.7 1.08 

GTR 6.7 1.19 

Calibration with Domestic Cat 

Divergence Time as Calculated 

Above 

MEGA HKY 

Age of Domestic 

Cat Lineage (Myr): 

 

0.13 2.51 

Weighing Individual Rates for the 

Different Genes Suggested in Lopez 

et al. (1997) 

- - 

Calibration With 

Gene: 

 

12 S rRNA 0.53 

16S rRNA 0.78 

ND2 1.98 

Table 25. Results from the different methods of estimating the mutation rate. 

The following diversity measures were obtained from Arlequin for the sample of 19 Egyptian cat 

sequences (protein-coding regions only), missing data ignored: 

 No of haplotypes:     10 

 No of polymorphic sites:   110 

 Mean number of pair wise differences :            22.26 +/-  10.26 

All of the hypotheses using the parameters and variables described in the Material and Methods 

section were rejected. 
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5. Discussion 

5.1. Sample set 

The sampling of the cats was 

relatively easy and straight-

forward. A wide range of 

phenotypes were observed 

including all black, black and 

white, tortoiseshell and orange 

cats. The most common 

though were the tabby-type 

cat resembling of the “wild 

type” Felis silvestris libyca with 

a slender body and long tail 

(see figure 20).  

Samples of Wildcats had been 

sought by consulting ISIS 

(http://www2.isis.org), an 

international species data 

bank, followed by establishing 

of contact with zoological gardens and related organisations. However, Wildcat individuals 

originating from the desired area (North Africa /Middle East) were highly scarce and no source 

having suitable individuals with an ascertained provenience was available. Samples of Sardinian 

wildcats were acquired130 although there is some confusion in the literature concerning the origin of 

the Wildcats of Sardinia: 

It is believed that the African wildcat was introduced onto the island of Sardinia from the Middle 

East by Neolithic seafarers about 4000 – 8000 years ago131. However the interpretation of the origin 

of the Sardinian wildcats can be considered as dependent on the date given for the emergence of 

the first domesticated cats. If such age is greater than the time of the introduction of African 

wildcats onto Sardinia, it may be possible that the cats actually are feral cats with an early Domestic 

cat origin132. Although, in the studies of Randi et al. (2001) and of Pierpaoli et al. (2003), the 

Sardinian wildcats did form separate clusters partly distinct from Domestic cats (and European 

wildcats) through analyses of mtDNA and microsatellite data133. Moreover, the issue is further 

confounded by the explanations of the origin of the Sardinian cats given in Pierpaoli et al. (2003, 

p.2585): “African wildcats at early stages of domestication were introduced, and became feral, on 

                                                           
130

 Provided with great generosity by Ettore Randi (Italy).  
131

 6000 – 8000 years ago according to Randi et al. (2001), about 6000 years ago according to Randi (Randi, 

2003) or probably less than 6000–4000 years ago (Pierpaoli et al., 2003). 
132

 Randi et al. (2001) state that the domestication of the cat was completed by the Egyptians about 4000 years 

ago, Pierpaoli et al. (2003) suggest it happened (in Egypt) by 8000 - 4 000 years ago, Randi (2003) mentions a 

time span for that process as 6000 – 4000 years ago. 
133

 Cf. the study Driscoll et al. (2007) in which Near Eastern wildcats were not separable from Domestic cats 

based on mtDNA and STR data. 

Figure 20. One of the sampled kittens revealing a slight “M”-mark on its 
forehead, one of the standard of points characterising the Egyptian Mau breed 
(photography by the author). 

 

http://www2.isis.org/
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some Mediterranean islands by Neolithic navigators...”. That citation together with the uncertainty 

and overlap in the dates given in the studies mentioned immediately above implies that 

interpretations of the origin of Sardinian wildcats should be made with caution. Indeed, Gippoliti & 

Amori (2006) argue that the current Wildcats on Sardinia are descendants of ancient Domestic cats. 

5.2. Hair Shaft DNA 

The extraction and amplification procedure used in this study proved relatively successful as all the 

four mitogenome sections (S, A, B and C) of almost 70 % of the initial samples were amplified. It was 

apprehended that it might be difficult or impossible to retrieve long polynucleotides from hair shafts 

lacking a root tag. This is thought to be mainly due to keratinisation of the hair shaft that degrades 

DNA and inhibition of PCR by melanin (Eckhart et al., 2000; McNevin et al., 2005). Moreover, most of 

the DNA that is recoverable from a hair is thought to reside in the bulb or epithelial cells on the 

surface (McNevin et al., 2005). Indeed, Tarditi et al. (2011) argues that it would actually be 

favourable to not wash the hair(s) before extraction as that lead to a loss of epithelial cells on the 

surface of the hair shafts originating from grooming. Such cells have the potential to contribute with 

a substantial amount of non-degraded DNA. Tarditi et al. (2011) further argues that washing as a 

mean of removing contaminating DNA, that has previously been described (Jehaes et al., 1998) as 

essential, may instead be superfluous as contamination of cat DNA is at low risk. Moreover, Gilbert 

et al. (2006) described hair as a material that is relatively resistant to contamination. However, cats 

may cross-groom and bite each other which may lead to ambiguous and erroneous results and 

washing could still be necessary to remove or reduce possible PCR inhibitors. 

Even if at low concentration and in fragmented condition, DNA has been shown to be retrievable 

from hair shafts, and especially, in the form of mtDNA, probably for reasons described above 

(especially high copy number in hair compared with nuclear DNA and other tissues). Tarditi et al. 

(2011) successfully amplified DNA from a larger number of sampled cats by using single hairs with or 

without root tag. All of those hair shafts with the root still appended and 71% of the trimmed hairs 

were successfully amplified. Pfeiffer et al. (1999) observed amplification success rates for cut-off 

human hairs as 52-75%. In addition, the powerfulness of hair as a source of DNA is exemplified by its 

application on ancient samples in which DNA is expected to be substantially more degraded than in 

contemporary samples. Indeed, whole genome sequencing of mitochondrial and nuclear DNA has 

been achieved on hair shafts of woolly mammoth samples (Gilbert et al., 2007; Miller et al., 2008). 

The hair shafts of this study did not contain any root tag because the samples were taken by cutting 

off fur from the cat. Moreover, the hair samples were washed by a bleach solution prior to 

sequencing, primers (A-C segments) were designed with the intent of being cat-specific and 

suspicious amplification of similar fragment sizes in extraction and amplification blanks was not 

observed. Thus, contamination was not regarded as an issue in this study. The retrieved DNA did 

thus not originate from neither root cells134, neither surface epithelial cells from the cat’s saliva nor 

from contaminants of other cats or organisms of other species. Out of 42 hair samples (several hair 

shafts were used for each extract), 28 (67%) passed significant amplification on all of the four 

segments of the genome. It is reasonable to state that, in comparison, that success rate should be 

                                                           
134

 The root bulb is considered to be less keratinised and more easily contaminated due to its porous structure 
(Gilbert et al., 2006). 
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regarded with content, especially considering the remarkably long amplicon lengths (>5kbp) for 

three quarters of the amplified sequences. 

The outcome of the tedious process of optimising extraction and amplification protocols implied 

that the main difficulty that made the initial amplification attempts to fail was not mainly due to low 

concentration of long templates of non-degraded DNA in the sample tissue but because of inhibitors 

remaining in the extracts. The use of a commercial silica-filter based kit to extract the DNA 

significantly enhanced the amplification yield of the extracts compared to other methods and was 

therefore applied to all the samples. It should have been motivated to attempt amplification of even 

longer fragments (splitting the genome into three or two segments) but time limit prohibited further 

optimization. 

5.3. Data Set 

The sequencing run yielded reads of which a majority was of approximately 260 bp average lengths. 

However a distinct peak around 150 bp (see figure 7) could not be explained. Suggestions of 

probable causes are sequencing errors, unspecific amplification and aggregated primers. 

The editing of the consensus sequences of those assemblies was necessary because a lot of obvious 

errors were encountered resulting from mis-alignment, low coverage and remaining tag sequences. 

However, in more than a few instances, the true value of a locus was difficult to determine135 even 

though the coverage was sufficient or even surplus136. As an example; a site in a sequence could be 

covered by 10 reads having the value C at that specific site and 10 additional reads reading a T. Such 

differences are not easily explained but a few possible causes should be mentioned:  

 Heteroplasmy, in which several mitotypes exist within one individual caused by bi-parental 

inheritance or within individual variation (mutation): Heteroplasmy is in general not 

considered to be common, but may not be exclusive. Indeed, Tarditi et al. (2011) found 

several sequences amplified from cat hair that had mixed sites that were regarded to be 

caused by heteroplasmy. Moreover, heteroplasmy has been detected fairly frequently in 

human hair (cf. Brandstätter & Parson (2003)), and mixed sites are most often detected in 

mutation hot-spots such as the control region (Grzybowski et al., 2003). McNevin et al. 

(2005) further suggests that heteroplasmy (within individual variation) may be even more 

common in hair than in other tissue. 

 

 Numts (introgressed sections of mitochondrial DNA into the nuclear genome): The genome 

of the cat holds a large number of numts (Lopez et al., 1996; Antunes et al., 2007) which may 

co-amplify in the PCR process. The specific Lopez-numt (nearly 8kb spanning sites 529 - 

8454) (Lopez et al., 1996) actually stretches over the whole (S and A) or parts (B and C) of 

the four segments. Parts of it may therefore have been co-amplified. Although, one would 

expect numts to amplify in much less number than mtDNA because of the large ratio of 

mitogenomes/nuclear genomes of each cell and would thus be detected in a lower 

frequency. 

                                                           
135

 Especially difficult to edit was polymorphisms in repeats. Such sites were excluded from analyses in Morin 
et al. (2010) and Grahn et al. (2011) motivated their choice of target sequence (parts of CR) as because it 
excluded a difficult region of tandem repeats that may increase the issue of heteroplasmy. 
136

 Ambiguities occurred even in the mitogenomes and sections that were very well covered.  
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 Contamination. 

 

 Errors caused in the sequencing process. 

When considering the causes of this observation, one should note that the fact that the number of 

starting template molecules in the PCR process may have been relatively low (given the long 

fragment length and type of tissue, see discussion above) could have, by chance, contributed to the 

increase of the ratio of molecules with minority genotypes within a given individual. The resulting 

frequencies of within-individual genotypes may thus not be representative. Moreover, a 

combination of the factors listed above may have contributed separately to the observed effect137. 

Because of fear of introducing false variation, a conservative attitude was applied when judging the 

value of an uncertain position and ambiguous symbols were applied. Since most of the mixed sites 

occurred as singletons they were not expected to severely affect the phylogeny reconstructions but 

it should be noted that the practice means that the overall genetic variation of the sample is likely to 

be underestimated rather than overestimated. It should be considered desirable though, that the 

process of checking and editing could me automated (especially important for long sequences) as 

consistency is difficult to withhold when editing large amounts of data manually, and the accuracy of 

the data becomes affected. With those reservations in mind, the edited consensus sequences were 

considered useable for further analyses. 

The 28 assemblies showed a wide range in coverage, both between and within the genomes. 

However, the majority (24/28) was considered acceptable or good enough to be used in further 

analyses (coverage averaging x40). The unevenness is most likely due to uneven number of template 

molecules representing the different segments in the pools that were prepared for sequencing. In 

that case, the quantifications of DNA molecules by spectrophotometry were misleading or not 

sufficiently accurate. It was also observed in the amplification optimization process that the primer 

pairs and PCR setup for the different segments were able to amplify the different segments 

unequally well. Segment B was the one that showed the weakest bands after gel electrophoresis and 

was also the one that most often failed amplification of the different samples. If one could overcome 

those deficiencies (by optimizing primer pairs and PCR setup or find a better way to quantify PCR 

products) a similar sequence run is likely able to accommodate a lot more samples (genomes) 

withholding acceptable coverage for the majority of them, which would make it even more cost-

efficient. Two genomes (14 and 24) had substantially more gaps than the rest and were excluded 

from some of the analyses because their omittance causes the amount of usable loci to increase 

substantially and resulted in slightly better resolution for some of the phylogenies. Likewise, it was 

suspected that something was wrong with the mitogenome 23 as its placements in the phylograms 

varied and showed relatively low support. However the piecewise phylogenies in figures 11, 12 and 

13 (using the non-overlapping sequences of segments A, B and C, respectively) suggested that the 

issue was linked to segment B because in figure 11 and 13, mitogenome 23 was put together with 

mitogenomes 30 and 41 with high confidence values which the tree in figure 12 failed to do. 

Moreover, the Bayesian Inference phylogeny constructed on the whole of the genome showed a 
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 It was noted that no ambiguities were detected in the regions where the amplicons (S, A, B and C) overlap, 
that is, there were no obvious errors caused by mis-matching of PCR amplicons in this context. 
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similar pattern with a 100% confidence value (cf. figure 10 and table 18). A simple explanation for 

the discrepancies of the position of mitogenome 23 is that a mix-up of samples occurred in the 

laboratory work. The B-segment of the wrong sample would have been mistakenly added to the pool 

of PCR-products belonging to identity 23138. Another explanation could be the occurrence of 

heteroplasmy where the two mitotypes occurring in one individual significantly differ from each 

other in the B region but not so much in the rest of the mitogenome, which would seem a little bit 

far-fetched as differences between haplotypes are assumed to be relatively randomly spread among 

the variable sites (which are most frequent in the C segment containing the CR) of the whole 

genome. 

The phylograms of the mitogenome sequences also indicated the distance of the reference 

sequence relative to those belonging to the samples of this study. The same is also suggested by its 

position in the phylogram (fig 2. (A)) in the Driscoll et al. (2007, p.522) study where it clusters in the 

most basal of the Domestic cat lineages and with a distinctively long branch. This could be explained 

by a true divergence of this particular individual (not specified by Lopez et al. (1996) more than as 

“one domestic cat” (p. 230)) or because of lesser quality of the sequence thus including more errors. 

The sequence statistic variations between the different sub-sets of mitogenomes (all cats and all 

Egyptian cats) do not vary significantly. Although, only two (out of 24) cats were not Egyptian (the 

Swedish Domestic cat number 37, and the Sardinian wildcat number S2). Neither did the non-

Egyptian cats inhabit any remarkable positions in the phylograms (cf. figure 10 and tables 17, 18): 

The Swedish house cat (37) clustered into lineage A.2.2.2, or at least, A.2, and the Sardinian wildcat 

clustered with 05 and 20 in the C-lineage. 

No two sequences were identical but when reducing the data set to sites with no missing data and 

excluding gaps (12 522bp), shared haplotypes (2) emerged (see table 12). Moreover, several 

mitogenomes (03, 04, 08, 12, 13, 14, 15, 16, 18 and 22) showed great similarity to one or several of 

the others in that they differed in value by one –five sites (see table 14). From the table it is likely to 

suspect a sampling artefact because several mitogenomes with consecutive numbers (e.g. 12, 13, 14, 

15, 16 and 17) show great similarities139. That implies that they may represent one matriline bearing 

the same haplotype differentiated by one or a few errors originating from the laboratory 

procedures. However, that is probably not the case as they were sampled in different villages 

(located approximately 3 – 6 km and thousands of cats apart) on different occasions: (12, 13: el Esba, 

14: el Rozga, 15: el Kom, 16: el Rozga, 17: el Kom). The cats are therefore not likely to be closely 

related. 

5.3. Phylogeny and Haplotype Identification 

The phylogeny reconstructions did identify several lineages and sub-lineages with strong confidence 

support values in one or several trees based on the different methods (see figure 10 and tables 17, 

18). Moreover, by comparing with the clades and lineages identified by Driscoll et al. (2007) with the 

branching patterns of the sequences of this study, it was found that the Egyptian cats neatly 

clustered into Driscoll et al. (2007) clade IV (inhabited by all Domestic cats and Near Eastern 

wildcats) and positioned into three of the five lineages (A, B and C). This study was thus able to 
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 However no polymorphisms were detected in the primer regions (overlapping parts of the segments). 
139

 The cats were numbered in the same order as they were sampled. 
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confirm three of the five major matrilines suggested by Driscoll et al. (2007) and with significantly 

greater support values. Moreover, this study had the power (due to the larger number of 

informative sites) to resolve further sub-clades within lineage A where the majority of the cats of 

this study belongs, in line with what is observed in Driscoll et al. (2007). However, the phylogenetic 

pattern (mtDNA) of the clade IV cats does not show any correlation with geography and indeed, the 

Egyptian cats of this study occupied the three (out of five) most populated clades. 

The Driscoll et al. (2007) study also attempted to date some of the divergence times for the different 

cat sub-species clades. They present an estimate of the last common ancestor of the five matrilines 

in clade IV as 131 000 years (107 000 – 168 000 years) based on a mutation rate deduced from a 

calibration of a numt and its mitochondrial equivalent in Felidae (Lopez et al., 1997). Dating for the 

corresponding node was made in this study by adding of the reference sequence that is to represent 

the most basal lineage (E) and using a general mutation rate for the whole mitogenome of 3.78 

%bp/Myr (Piganeau & Eyre-Walker, 2009) and yielded an age of 130 000 years. This estimate is 

almost identical (!) to the number (131 000) suggested by Driscoll et al. (2007) which they consider is 

an overestimation rather than an underestimation. However, mutation rates are known to vary 

across genera and species (Nabholz et al., 2008), whereby the mutation rate used here is to be 

considered approximate, and the error ranges are in general large. It should also be considered that 

the branch length of the reference mitogenome may be overestimated due to sequence errors, thus 

the age of the node is likely to be an overestimate. The dates given for the different expansions are 

thus approximate. 

One of the internal nodes (corresponding to node XII, figure 14) is located within the time frame of 

the early agricultural societies (9300 +/- 2500 ya) and may represent a domestication event based on 

a founder population of matriline C. Noteworthy is that the Sardinian “wildcat” also resides in 

lineage C and may represent the ancestor population for such early domestication(s). Alternatively, 

the Sardinian wildcat is derived from an early Domestic cat population >4000 ya140 (linage C) at a 

time preceding the emergence of more recent lineages. 

Several more recent nodes are located inside lineage A and are correlated in time with the pharaonic 

kingdoms of ancient Egypt. It is thus not far-fetched to propose that those more recent nodes within 

lineage A represents one or several141 population expansions that occurred in ancient Egypt, based 

on a separate ancestor population than the older event(s) of a lineage C ancestor, perhaps in the 

Neolithic Middle East. This is in concordance with several observations on the occurrences of cats in 

the ancient Egyptian Material: the appearance of cats in Domestic contexts in the New Kingdom, the 

change of importance of the cat in religion and mythology, the increasing popularity of temple cults 

dedicated to cats and the cat goddess Bastet with associated cat mummy industries. The distribution 

of world-wide, Domestic cat haplotypes (cf. e.g. fig 15) suggests that it is this lineage (A), perhaps 

originating in ancient Egypt, that has contributed with the lion’s share of the contemporary 

Domestic cat population, which would in turn imply something about the spread of cats in ancient 

times. 
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 See section 5.1. 
141

 The multiple expansion events observed within lineage A may represent a single domestication event or 
expansion of breed based on a minimum of two-three females. The error ranges overlap only slightly with the 
much earlier expansion event in lineage C though, making it likely that there was a separate domestication 
event in pre-Egyptian times. 
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Further, the lineages and sub-lineages in this study corresponded well with the CR haplotype 

definitions in Grahn et al. (2011) (table 19). It was thus possible to link those haplotypes with the 

lineages in Driscoll et al. (2007), a desire that is expressed in Grahn et al. (2011, p.40) as: “An 

interesting comparison would be evaluating the CR of the five major mtDNA types identified in the 

domestication study of the cat [Driscoll et al. (2007)] to the five major types identified in this study”. 

Moreover, Grahn et al. (2011) noted that the CR haplotypes can be collapsed into two major 

mitotypes (A and D) because the other mitotypes (C-L) are just a few differences apart from A or D 

(see figure 1 in Grahn et al. (2011, p.39)). The phylogeny reconstruction of this study implies that 

those two groups, A-group (A, E, H, I, K, and L) and D-group (B, C, D, F, G and J), correlates to the B- 

and C- lineages and A-lineages of Driscoll et al. (2007) respectively. It follows that the A-group is 

ancestral to the D-group haplotypes. The reference sequence was not identical to any of the other 

haplotypes which again reminds of its distant position, but resembles fairly of haplotype H. 

It is difficult to compare the CR haplotype distribution of the Egyptian cat population of this study 

(Luxor) with the one of the Egyptian cats in the Grahn et al. study (2011) (cf. figures 18, 19). The 

latter contained three additional sampling areas (Cairo, Asyut, and Abu Simbel) and had 

approximately six times (n=130) larger sample size. It is therefore expected that the cat population 

of this study will not cover the same range of haplotypes as the one in Grahn et al. (2011). However 

some conclusions should be attempted because the Grahn et al. study (2011) does present 

correlation of haplotypes with geography142. Moreover, a recent study on three Egyptian cat 

mummies (Kurushima et al., in press) further supports the identification of some of the sub-clades 

supposed origin: 

 The Egyptian cats of this study shared four of the universal and derived haplotypes with the 

Egyptian cats of Grahn et al. (2011) (table 20). The most common in both populations was 

the D-haplotype with derived variants (in which D5 was especially common), a haplotype 

that seems to be characteristic but not unique to the region of the Middle East (cf. figure 2 

in Grahn et al. (2011, p.40)). By comparing table 19 and figure 16 it is reasonable to believe 

that this haplotype appeared in pharaonic times and may originate from one of the later 

expansion events, perhaps during Greco-roman times. One of the cat mummies in 

Kurushima et al. (in press), dated to the Late Period, exhibited a unique CR haplotype similar 

to the D5 haplotypes. 

 

 A similar pattern concerns the rare G-haplotype (2% in worldwide random bred population, 

cf. fig 17) but 13 (10%) Egyptian cats in the Grahn et al. (2011) study and three (14 %) of the 

cats of this study were assigned G-haplotype. Actually, the G-haplotype in the Grahn et al. 

(2011) study is only found in Egypt (13) and USA (11) (cf. table 1 in Grahn et al. (2011, p.35)) 

and within the breeds Egyptian Mau (5143), Exotic Shorthair (2), Main Coon (1) and Persian 

(1) (cf. table 2 in Grahn et al. (2011, p.36)). The G-haplotype seems to have originated at the 

time of node IV (figure 10), loosely connected to the classical time periods of ancient Egypt. 

Indeed, half of the mitotypes identified by Grahn et al. (2011) within the Egyptian mau, a 
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 Which the Driscoll et al. (2007) study did not, cf. above. 
143

 Five out of 11 Egyptian Mau in the Grahn et al. (2011) study had the G-haplotype, the rest (6) had the A-
haplotype, the most usual haplotype for the region (D) is thus missing. 
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breed considered to be derived from Egypt (EMRO, 2011) and thought to resemble a 

"pharaonic archetype", were G. Moreover, the Late Period - Ptolemaic cat mummy of 

Kurusima et al. (in press) is of exactly this haplotype confirming that it was indeed extant in 

Egypt at the time. 

 

 Noteworthy is also that five Grahn et al. (2011) C-haplotypes (23%) were found among the 

Egyptian cats of this study but only four Egyptian cats (3%) in the Grahn et al. (2011) study, a 

haplotype that constitute 13 % of the world wide random bred cat population (figure 17). 

The seemingly over-representation of the C-haplotypes in the cat population of this study 

may be due to sampling bias (smaller sample size and limited sampling area). The C-

haplotypes corresponds to node X (figure 10) which fits neatly into the Late Period of 

ancient Egypt and the uprising of cat cults. The second Late Period cat mummy of Kurushima 

et al. (in press) is of the C-haplotype, further strengthening the conclusion of this 

haplotype’s origin as Egyptian. 

 

 The haplotypes of the large Grahn et al. (2011) A-haplotypes were missing in the data set of 

this study (figure 19) but were common in the Grahn et al. (2011) study, both among the 

Egyptian cats and worldwide random-bred cats. The A-haplotype is not indicated as 

belonging to any founder event in Egypt according to the data of this study (the A-lineage of 

Driscoll et al. (2007)), but may belong to a domestication event outside of Egypt or to a 

mutation event resulting from drift as the Domestic cat spread from its origin. The existence 

of it among the Egyptian cats of the Grahn et al. (2011) study may be explained by mixture 

of cats with partially foreign origin which is expected in the larger cities and in the Northern 

parts of Egypt144. 

 

 The average pair wise difference among the Egyptian cats of this study is similar (1.1%) to 

what is calculated for the whole region of the Eastern Mediterranean (1.6%) and less than 

worldwide random bred population (cf. table 20). Three of the Egyptian cats (out of 22) and 

the Sardinian wildcat represented three haplotypes that were not recognized by the Grahn 

et al. (2011) study (universal and derived haplotypes or unique haplotypes (5 sequences 

submitted directly from the first author, data not shown)). 

The Japanese Domestic cat population (n=50) (CR and CytB) compared with in this study (Tamada et 

al., 2005) showed a higher level of variation than the Egyptian cats of this study (table 21). The cats 

were sampled on the Tsushima Islands situated in the Tsushima strait between Japan and Korea, a 

rather isolated part of the world to which the cat is likely to have arrived during the first millennium 

CE. or later. There were significant variation in nucleotide diversity between the populations and no 

shared haplotypes. However, some haplotypes were similar and comparisons with phylogeny implies 

that the Tamada et al. (2005) B-haplotype is ancestral to the A- and C-haplotypes which in turn are 

ancestral to D-, E- and F-haplotypes. The two populations are though, as expected, differentiated, 

population pair wise FST ≈ 0.3 (table 18). 

A similar pattern was seen when comparisons were made with a population (n=26) of Domestic cat 

population of Randi et al. (2001). The genetic variety was greater in the Italian population, however 
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 A substantial part of the Egyptian cat samples in the Grahn et al. (2011) study came from cats in Cairo. 
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the error ranges overlap (table 23). No haplotypes were shared. The Egyptian and Italian populations 

seem though to be much less differentiated, population pair wise FST ≈ 0.07 (table 24). 

It is difficult to explain why the Egyptian cats of this study show lower genetic variety than the Italian 

and Japanese populations. Luxor has been an important settlement and populated for thousands of 

years, in which cats were depicted as domestic animals at least from New Kingdom (second 

millennium B.CE.) onwards. Perhaps it is due to small sample size or because of the sampling being 

restricted to an area covering only about 10 km of the west Nile bank and that local variation should 

be considered. Given that there was no second domestication centre in Asia that has contributed to 

some proportion of the cats of today, it is somewhat surprising that the Japanese cat population on 

the Tsushima Islands would show greater variation than the cats of Egypt that is probably located 

much closer to the time and place of the origin of the Domestic cats. However, a similar observation 

is made in Lipinski et al. (2008) where the cats originating in Asia are represented by relative long 

branch lengths. The sole representative of a European cat of this study (37) was also characterized in 

this way (see figures 10 and 14). Perhaps this observation of the cats outside of the Middle East145 is 

an effect of a rapid expansion and drift146. This is also implied in figure 15 where the cats of this 

study did not exhibit any long branch lengths in comparison to what some of the cat haplotypes of 

the Driscoll et al. (2007) world-wide random bred cats do. The Egyptian cats thus appear to be 

relatively less subjected to drift which again support the closeness of the Egyptian Domestic cat to its 

centre of origin. However, it is important to remember that in comparing populations from different 

studies, the degree of accuracy is likely to vary which may affect the results of such analyses. 

Conclusions should thus be made with caution. 

5.4. Model of Domestication 

The simulated hypotheses were set up to illustrate some of the suggestions discussed in the 

literature. The model used describes a single domestication event and tested different values for age 

of domestication and founder population size (females). Since the data set that was available for 

comparison is for a Luxor population only, what is set at time t=0 is the event at which the present 

Domestic cat lineage started or was introduced to that area as an event restricted in time. 

In determining mutation rate for the protein-coding part of the mitogenome it was observed that 

the different methods and data that were used produced quite divergent results. It was decided 

that, rather than adopting one average, two estimates were used. The higher rate (2%bp/Myr) was 

based on the scaling of the average rate for the whole mitogenome (gamma rates model) suggested 

in Piganeau & Eyre-Walker (2009) and on the weighing of mutation rates for the different genes 

based on calibration with ND2147 (Lopez et al., 1997). The lower rate (1%bp/Myr) corresponds more 

closely to the estimates achieved by comparison with the genome of the Cheetah and likely age of 

its last common ancestor with Domestic cats. 

All of the hypotheses were rejected given the stated parameters. The reasons for this could be due 

to errors in estimating any or several of the parameters used in the simulation process. The effective 

population size was especially difficult to determine. The use of an estimate of θ calculated by 

Lamarc 2.1.6. based on the data set itself is questionable. Moreover, values for the effective 
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 The European population also showed significantly more variety in the Grahn et al. (2001) study 
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 Cf. the idea of the cat being spread by the Romans (but probably earlier), discussed above. 
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 The same source as used in Driscoll et al. (2007) and Kurushima et al. (in press). 
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population size have been suggested in the literature that are 10-fold higher than the numbers 

initially used; Pigneau & Eyre-Walker (2009) presents values of Ne= 430 000 or 130 000 assuming 

that the mitochondrial genome mutates according to an equal rates model or gamma shaped model 

(with shape parameter=1.0) respectively. As the equal rate model seems unlikely (cf. the 

evolutionary model used in this study for the whole mitogenome (HKY+I+G) with a shape parameter 

of 0.05, which indicated highly variable mutation rates), the latter value may even be an 

overestimate in that sense. However, all hypotheses were also simulated for that higher (130 000) 

value of effective population size but they were likewise rejected. It was attempted to manually 

optimize the effective population value by checking which hypotheses were not rejected when 

assuming that the number of founders equalling the present effective population size or letting time 

approach to infinity (which are both equivalent to putting the growth rate=0). Only the hypotheses 

with population size =14 225 (or similar, 12 500 and 10 000) were not rejected which makes the 

higher values (28 450, 130 000) and lower values (5000, 7000, 9000) unlikely to be true given the 

rest of the model true. However, all of the population sizes that resulted in non-rejection at zero 

growth rate were rejected when applying a date of 32500 which should be regarded as an absolute 

maximum age of domestication148.An error in the generation time estimate would thus not be a 

likely cause since even an extreme age was tested. Moreover, hypotheses in which the mutation 

rate was put to correspond to the highest of the estimates (2.51%bp/Myr) did not result in non-

rejection either. It could also be possible that the evolutionary model is wrong. The model test 

performed in MEGA 5.05 suggested a model with a uniform mutation rate. However, the mutation 

rate may vary even within the protein-coding regions of the mitogenome (Galtier et al., 2006) which 

perhaps contribute to erroneous results. 

However, as no error in parameter estimation or clear systematic error of the simulation process 

was found to be likely cause of all the rejected hypotheses it is reasonable to question if the model 

of domestication that the simulations were applied on is wrong. It was noted (data not shown) that 

the data of the Egyptian cats of this study exhibited far greater number of polymorphic sites and far 

less number of haplotypes than what was suggested by all of the simulation out-files. This is indeed 

consistent with a different hypothesis in which the cat may have been domesticated at several 

occasions, separated in time and derived from different founder populations, as drift could explain 

the initial loss of haplotypes and acceleration of mutations. It is also in concordance with what is 

observed in the assessment of the phylogeny reconstructions in which at least two separate 

domestication events are indicated. 

6. Conclusion 

The present study demonstrates the applicability of retrieving long sequences from a type of tissue 

in which DNA preservation is sometimes regarded as being relatively poor. Together with parallel 

sequencing, long-range PCR has turned out to be a work- and cost-efficient way to retrieve complete 

mitochondrial DNA sequences. Moreover, the powerfulness of using whole mitogenomes instead of 

partial sequences in analyses is illustrated by the fact that stronger confidence values in phylogeny 

reconstructions can be achieved than by use of shorter sequences. Likewise, comparisons with 

previous studies on different parts of the genome can be made and linked to each other. 
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The Egyptian cats of this study do not, at first sight, exhibit any phylogenetic positions that are 

distinguishing them from their world wide relatives as they do occupy three of the most common 

lineages defined by Driscoll et al. (2007). The origin of the contemporary Egyptian Domestic cat thus 

seems to be mixed and indicates that the Domestic cats spread thoroughly in ancient times. 

However, comparisons with other studies revealed that the Egyptian cats exhibits less variety in 

terms of pair wise distances than cat populations in other parts of the world. This could be explained 

as if the Egyptian cats are closer to the possible origin(s) of Domestic cats and that genetic drift has 

affected the cat populations that spread to other parts of the world. Thus, one or several 

domestication events can be suspected to have occurred in Egypt or in a nearby area. 

As seen above, because the simulation of a simple domestication model failed to comply with the 

data retrieved in this study, a more complex model of cat domestication is suspected. A theory of 

multiple domestication events, seemingly in concordance with the division of Neolithic Middle East 

and pharaonic Egypt, is also indicated by the ages for the well supported nodes (Figure 16). The 

multiple expansion events observed within lineage A may represent a single or several 

domestication event(s) or expansion(s) of breeds based on a minimum of two-three females. The 

error ranges overlap only slightly with the much earlier expansion event in lineage C though, making 

it likely that there was a separate domestication event in pre-Egyptian times. Moreover, the 

distribution of haplogroups in contemporary Egyptian cats (this study and the Grahn el al. (2011) 

study) indicates that "typically Egyptian" haplogroups (C-, D- and G-haplogroups) can be associated 

with the A-lineage expansions that are placed in the time frame of ancient Egypt. In addition, these 

lineages are further confirmed as “Egyptian” by the cat mummy CR sequences of Kurushima et al. (in 

press). A new theory emerges in which the cat was domesticated at least once at a time that likely 

precedes the time periods of pharaonic Egypt, from a founder population shared with the present day 

Sardinian wildcat and in the context of the Neolithic Near East, but also experienced one or several 

expansion events at later occasions in the classical periods of the Egyptian New Kingdom, Late Period 

or Greco-Roman time, based on a separate Felis silvestris libyca lineage. Finally, as seen in the 

introduction, such a scenario is indeed not contradicted by the archaeological evidences as 

indications of contacts between humans and cats are encountered heavily in ancient Egypt but also 

briefly outside of Egypt and far earlier than the pharaonic time periods. 

7. Future Investigations 
The addition of several complete mitochondrial genomes of Domestic cat provides a reference data 

base from which phylogeny informative sites can be identified for use in other studies. In particular, 

polymorphic sites immediately flanked by conserved regions are desirable to target in studies on 

material in which preservation is a critical issue, as is in ancient DNA (aDNA) studies. Moreover, for 

the question of the origin of domestication and the spread of early Domestic cats, identification and 

comparisons of haplotypes in material such as cat remains from ancient Egypt or European antiquity 

should be desirable. 

Attempts to study ancient cat remains have been initiated by the author. Preliminary results from a 

genetic characterisation of one Egyptian Roman Period cat mummy imply that the Domestic cat 

population of that time was well spread and lineages of different origins were mixed. The emerging 

picture of the ancient Domestic cat’s origins and spread is rather complex and is indeed in need of 

further investigations. 
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Appendix A 

Accession 
Number 

GI Number Description Citation Source 

NC_001700.1 5835205 
Felis catus mitochondrial genome reference 
sequence 

Lopez et al. 
(1996) 

GenBank
149

 

EF587033.1 154818544 Felis margarita ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587034.1 154818548 Felis margarita ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587035.1 154818552 Felis margarita ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587036.1 154818556 Felis margarita ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587037.1 155624346 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587038.1 155624350 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587039.1 155624354 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587040.1 155624358 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587041.1 155624362 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587042.1 155624366 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587043.1 155624370 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587044.1 155624374 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587045.1 155624378 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587046.1 155624382 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587047.1 155624386 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587048.1 155624390 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587049.1 155624394 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587050.1 155624398 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587051.1 155624402 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587052.1 155624406 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587053.1 155624410 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587054.1 155624414 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587055.1 155624418 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

                                                           
149

 http://www.ncbi.nlm.nih.gov/genbank/. 
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EF587056.1 155624422 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587057.1 155624426 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587058.1 155624430 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587059.1 155624434 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587060.1 155624438 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587061.1 155624442 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587062.1 155624446 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587063.1 155624450 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587064.1 155624454 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587065.1 155624458 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587066.1 155624462 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587067.1 155624466 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587068.1 155624470 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587069.1 155624474 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587070.1 155624478 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587071.1 155624482 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587072.1 155624486 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587073.1 155624490 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587074.1 155624494 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587075.1 155624498 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587076.1 155624502 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587077.1 155624506 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587078.1 155624510 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587079.1 155624514 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587080.1 155624518 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587081.1 155624522 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587082.1 155624526 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 
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EF587083.1 155624530 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587084.1 155624534 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587085.1 155624538 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587086.1 155624542 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587087.1 155624546 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587088.1 155624550 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587089.1 155624553 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587090.1 155624557 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587091.1 155624561 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587092.1 155624565 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587093.1 155624569 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587094.1 155624573 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587095.1 155624577 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587096.1 155624581 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587097.1 155624585 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587098.1 155624589 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587099.1 155624593 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587100.1 155624597 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587101.1 155624601 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587102.1 155624605 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587103.1 155624609 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587104.1 155624613 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587105.1 155624617 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587106.1 155624621 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587107.1 155624625 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587108.1 155624629 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587109.1 155624633 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 
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EF587110.1 155624637 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587111.1 155624641 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587112.1 155624645 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587113.1 155624649 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587114.1 155624653 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587115.1 155624657 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587116.1 155624661 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587117.1 155624665 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587118.1 155624669 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587119.1 155624673 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587120.1 155624677 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587121.1 155624681 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587122.1 155624685 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587123.1 155624689 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587124.1 155624693 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587125.1 155624697 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587126.1 155624701 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587127.1 155624705 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587128.1 155624709 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587129.1 155624713 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587130.1 155624717 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587131.1 155624721 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587132.1 155624725 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587133.1 155624729 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587134.1 155624733 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587135.1 155624737 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587136.1 155624741 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 
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EF587137.1 155624745 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587138.1 155624749 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587139.1 155624753 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587140.1 155624757 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587141.1 155624761 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587142.1 155624765 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587143.1 155624769 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587144.1 155624773 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587145.1 155624777 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587146.1 155624781 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587147.1 155624785 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587148.1 155624789 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587149.1 155624793 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587150.1 155624797 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587151.1 155624801 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587152.1 155624805 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587153.1 155624809 Felis silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587178.1 154818655 Felis silvestris bieti ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587179.1 154818659 Felis silvestris bieti ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587016.1 154818478 Felis silvestris caffra ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587017.1 154818482 Felis silvestris caffra ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587018.1 154818486 Felis silvestris caffra ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587019.1 154818490 Felis silvestris caffra ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587020.1 154818494 Felis silvestris caffra ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587021.1 154818498 Felis silvestris caffra ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587022.1 154818500 Felis silvestris caffra ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587023.1 154818504 Felis silvestris caffra ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 
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EF587024.1 154818508 Felis silvestris caffra ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587025.1 154818512 Felis silvestris caffra ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587026.1 154818516 Felis silvestris ornata ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587027.1 154818520 Felis silvestris ornata ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587028.1 154818524 Felis silvestris ornata ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587029.1 154818528 Felis silvestris ornata ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587030.1 154818532 Felis silvestris ornata ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587031.1 154818536 Felis silvestris ornata ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587032.1 154818540 Felis silvestris ornata ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587154.1 154818560 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587155.1 154818564 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587156.1 154818568 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587157.1 154818572 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587158.1 154818576 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587159.1 154818580 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587160.1 154818584 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587161.1 154818587 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587162.1 154818591 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587163.1 154818595 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587164.1 154818599 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587165.1 154818603 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587166.1 154818607 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587167.1 154818611 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587168.1 154818615 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587169.1 154818619 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587170.1 154818623 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587171.1 154818627 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 
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EF587172.1 154818631 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587173.1 154818635 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587174.1 154818639 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587175.1 154818643 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587176.1 154818647 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EF587177.1 154818651 Felis silvestris silvestris ND5, ND6, partial CytB 
Driscoll et al. 
(2007) 

GenBank 

EU864495.1 215537032 Felis catus haplotype A control region 
Grahn et al. 
(2011) 

GenBank 

EU864496.1 215537033 Felis catus haplotype B control region 
Grahn et al. 
(2011) 

GenBank 

EU864497.1 215537034 Felis catus haplotype C control region 
Grahn et al. 
(2011) 

GenBank 

EU864498.1 215537035 Felis catus haplotype D control region 
Grahn et al. 
(2011) 

GenBank 

EU864499.1 215537036 Felis catus haplotype E control region 
Grahn et al. 
(2011) 

GenBank 

EU864500.1 215537037 Felis catus haplotype F control region 
Grahn et al. 
(2011) 

GenBank 

EU864501.1 215537038 Felis catus haplotype G control region 
Grahn et al. 
(2011) 

GenBank 

EU864502.1 215537039 Felis catus haplotype H control region 
Grahn et al. 
(2011) 

GenBank 

EU864503.1 215537040 Felis catus haplotype I control region 
Grahn et al. 
(2011) 

GenBank 

EU864504.1 215537041 Felis catus haplotype J control region 
Grahn et al. 
(2011) 

GenBank 

EU864505.1 215537042 Felis catus haplotype K control region 
Grahn et al. 
(2011) 

GenBank 

EU864506.1 215537043 Felis catus haplotype L control region 
Grahn et al. 
(2011) 

GenBank 

GQ497299.1 292659148 Felis catus haplotype M
150

 control region 
Grahn et al. 
(2011) 

GenBank 

AB194812 NA Felis catus mitochondrial CytB haplotype A 
Tamada et al. 
(2005) 

DDBJ
151

 

AB194813 NA Felis catus mitochondrial CytB haplotype B 
Tamada et al. 
(2005) 

DDBJ 

AB194814 NA Felis catus mitochondrial CytB haplotype C 
Tamada et al. 
(2005) 

DDBJ 

AB194815 NA Felis catus mitochondrial CytB haplotype D 
Tamada et al. 
(2005) 

DDBJ 

AB194816 NA Felis catus mitochondrial CytB haplotype E 
Tamada et al. 
(2005) 

DDBJ 

                                                           
 

150
 Haplotype M is equal to haplotype subtype D5 in the publication (Robert Grahn, personal communication). 

151
 http://www.ddbj.nig.ac.jp/. 
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AB194817 NA Felis catus mitochondrial CytB haplotype F 
Tamada et al. 
(2005) 

DDBJ 

AB194819 NA Felis catus mitochondrial D-loop haplotype a 
Tamada et al. 
(2005) 

DDBJ 

AB194820 NA Felis catus mitochondrial D-loop haplotype b 
Tamada et al. 
(2005) 

DDBJ 

AB194821 NA Felis catus mitochondrial D-loop haplotype c 
Tamada et al. 
(2005) 

DDBJ 

AB194822 NA Felis catus mitochondrial D-loop haplotype d 
Tamada et al. 
(2005) 

DDBJ 

AB194823 NA Felis catus mitochondrial D-loop haplotype e 
Tamada et al. 
(2005) 

DDBJ 

AB194824 NA Felis catus mitochondrial D-loop haplotype f 
Tamada et al. 
(2005) 

DDBJ 

AB194825 NA Felis catus mitochondrial D-loop haplotype g 
Tamada et al. 
(2005) 

DDBJ 

AB194826 NA Felis catus mitochondrial D-loop haplotype h 
Tamada et al. 
(2005) 

DDBJ 

AB194827 NA Felis catus mitochondrial D-loop haplotype i 
Tamada et al. 
(2005) 

DDBJ 

AB194828 NA Felis catus mitochondrial D-loop haplotype j 
Tamada et al. 
(2005) 

DDBJ 

AY463959.1 38373498 
Acinonyx jubatus mitochondrion, complete 
genome 

Burger et al. 
(2004) 

GenBank 

Table 26. List of reference sequences used in this study. 


