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Summary Equine mitochondrial DNA sequence variation was investigated in three indigenous Irish

horse populations (Irish Draught Horse, Kerry Bog Pony and Connemara Pony) and, for

context, in 69 other horse populations. There was no evidence of Irish Draught Horse or

Connemara Pony sequence clustering, although the majority of Irish Draught Horse se-

quences (47%) were assigned to haplogroup D. Conversely, 31% of the Kerry Bog Pony

sequences were assigned to the rare haplogroup E. In addition to the extant population

analyses, ancient DNA sequences were generated from three out of four Irish archaeological

specimens, all of which were assigned to haplogroup A.
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Ireland is home to three native horse populations: the Irish

Draught Horse (ID), the Kerry Bog Pony (KB) and the

Connemara Pony (CON). Although pedigrees in these pop-

ulations have been recorded since the turn of the last cen-

tury, little is known about their genetic make-up or the

genetic contributions of their founder populations. These

indigenous Irish horses have played an integral role in na-

tive Irish culture, economics and social history. In the past,

ID horses were used for agricultural purposes, hunting,

carriage transport, war and barge towing. In recent times,

the ID has found a niche as a competition animal (Storey

2005); however, its presence is being progressively diluted,

and the selection of sire lines has been seriously limited.

Numbers of ID are now so greatly reduced in Ireland, with

approximately 900 mares and 94 approved stallions (Slavin

2005), that the breed is considered endangered (FAO

2000). KB ponies were used mainly to carry bog peat for

domestic fuel, but the modernization of farming and trans-

port has dramatically reduced the need for this horsepower.

The KB pony was officially recognized as a breed in 2006

but is almost extinct; in 1994 there were only 20 KB ponies

remaining in Ireland. Volume 1 of the Connemara Pony

Breeders Society Stud Book was published in 1926 and

contained details of nine stallions and 93 mares. The CON is

renowned for its hardiness, vigour, stamina and gentle

temperament and is a popular riding horse. This is reflected

in the current population – the latest published volume of

the CON Stud Book (Volume 21, 1999) documents breeding

stallion numbers at 1043 and breeding mare numbers at

11,621.

Mitochondrial DNA (mtDNA) has been used extensively

in the last three decades as a tool for inferring the evolu-

tionary and demographic past of populations and closely

related species. Previous molecular studies have used

mtDNA nucleotide sequence for the assessment of horse

diversity (Ishida et al. 1994; Kavar et al. 1999; Bowling

et al. 2000; Vila et al. 2001; Hill et al. 2002; Mirol et al.

2002) and for conservation purposes (Oakenfull et al. 2000;

Luis et al. 2002). In this study we examined the mtDNA

diversity of the ID, KB and CON populations, and placed

them within the context of 69 other horse populations

(Table S1). Additionally, we used sequences from ancient

Irish horses in order to make temporal inference about the

present diversity found in Irish horse breeds.

Wild horses were present in Ireland around 28 000 years

ago (Woodman et al. 1997), but the increase of ice cover at

the last glacial maximum led to their extinction. When the

glaciers retreated, they did not re-establish themselves on
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the island. The earliest evidence for the presence of

domesticated horses in Ireland is from early Bronze Age

archaeological contexts at Newgrange, Co. Meath, dating to

about 4400 BP (years before present; F. McCormick, per-

sonal communication). In this paper, we present data from

three ancient Irish horse samples, varying in age from

32 255 to 1244 calibrated BP, thus encompassing both

wild and domestic Irish horses. These sequences provided an

archaeogenetic context for the living populations included

in the study.

Pedigree analysis of the ID population identified 414

founder females for a population of 878 males contained

within the Irish Horse Register (2002). Fifty-nine male

descendants were randomly selected from 120 of the

founders that had at least three generations recorded in the

pedigree. Thirty-three individuals from the KB pony popu-

lation were selected on phenotypic traits. Because there is

no pedigree history for the KB population, animals were

DNA-typed using the StockMarks� for Horses Equine Gen-

otyping System (Applied Biosystems, CA, USA) to determine

relatedness. No parent–offspring pairs were found. To in-

crease the sample size, six other KB ponies (with dams not

among the original 33 animals) were included, giving a

total sample size of 39. Twelve CON pony sequences,

selected to represent CON founder female families, have

been previously described (Hill et al. 2002) (AF481247–

AF481258) and were included in this study to complete the

set of extant native Irish horse populations.

Remains from four ancient Irish horses were obtained

from sites in Edenvale, Co. Clare [metatarsus;

NMING:F21099; 1595 ± 78 cal BP (OxA-3700)], Kesh, Co.

Sligo [tooth; NMING:F21122; 1472 ± 56 cal BP (OxA-

3707)], Lough Shad, Co. Roscommon [distal tibia;

NMING:F20927; 578 ± 48 cal BP (OxA-3710)] and

Shandon, Co. Waterford [scapula; NMING:F21158;

32,255 ± 712 cal BP (OxA-4244)] (Woodman et al. 1997).

In addition, one piece of fragmentary bone from Carsington

Pasture Cave, Derbyshire, England was added to the ana-

lysis. This sample was radiocarbon dated to 1244 ± 41 cal

BP (uncalibrated radiocarbon age 1314 ± 31; KIA26353).

Total genomic DNA was isolated from 59 ID horses and

39 KB ponies, and mtDNA amplified as described in

Appendix S1. DNA extractions from ancient material were

performed at Trinity College Dublin from either bone or

tooth samples. Three of the four ancient Irish samples

generated reproducible endogenous DNA, whereas the

sample from Lough Shad, Co. Roscommon, contained no

amplifiable DNA. Samples were subsequently validated in

an independent laboratory at the McDonald Institute for

Archaeological Research, Cambridge. Amplicons were di-

rectly sequenced, and a representative sampling of PCR

products were subsequently cloned (Appendix S1). A con-

sensus sequence was constructed, which reached greater

than 95% confidence levels at all bases and aligned perfectly

to the direct sequence.

Sequences were deposited in GenBank (ID ¼ DQ327891–

DQ327949; KB ¼ DQ327852–DQ327890; Ancient ¼
DQ327848–DQ327851) and, for analyses, were truncated

to 247 bp (nucleotide positions 15494–15740 of X79547;

Xu & Arnason 1994). Twenty-eight distinct maternal

lineages were identified in the 59 founder ID sequences,

while 17 haplotypes were found in the 39 KB pony founder

female lineages and 11 haplotypes in the 12 CON founders

(Table 1).

The probability that two individuals in a population

shared an identical haplotype (the probability of identity, PI)

was calculated as the sum of the square of the frequency of

each haplotype in that population. The estimated PI in KB

was 0.0900, CON 0.097 and ID 0.058. Sequence sharing

among the ID founders was threefold less than that ob-

served in the thoroughbred (0.15; Hill et al. 2002) and is

similar to estimates in the Arab horse (0.05; Bowling et al.

2000; McGahern et al. 2006). This suggests that ID mtDNA

sequences were derived from diverse foundation stock,

whereas KB and CON matrilines were more limited.

Using the nomenclature from Jansen et al. (2002), 28 ID

individuals grouped to haplogroup D (48%), with the

remaining sequences in haplogroups A, C and B (32%, 12%

and 8% respectively). The CON sequences were assigned to

haplogroups D, A, B and C (42%, 25%, 17% and 17%

respectively). These four haplogroups are the most common

among European horse sequences. In contrast, the KB

samples had an unusual sequence distribution, with the

majority assigned to haplogroups E, C and A (31%, 26%

and 23% respectively).

The ancient Irish horse remains were all assigned to

haplogroup A, with a significant clustering evident when

ancient sequences were compared with modern Irish (P ¼
0.026) and modern British (P ¼ 0.020) populations

(Table S1) using Fisher exact tests (Sokal & Rohlf 1995).

Thus, the ancient sequences did not reflect the distribution

of modern day Irish horse populations. By comparison a

single ancient British sample was found in haplogroup D.

The clustering of ancient Irish horse sequences within

haplogroup A suggests that it may represent an ancient

haplogroup. However, other studies that included data from

ancient horses have found a more varied spread of samples

across the seven haplogroups (A to G; Vila et al. 2001;

Keyser-Tracqui et al. 2005). In addition, the position of

these ancient Irish samples may be insecure because only

three samples were assessed.

Unlike the situation for many other large domesticated

animal species that demonstrate remarkably clear geo-

graphic patterning (MacHugh & Bradley 2001), caution

must be used when inferring population structure from

equine mtDNA data. Discrete horse populations share

mtDNA sequence with other populations despite geographic

distance. For example, in the ID the most common sequence

haplogroup was also the most common globally, with 28 of

59 sequences (47%) represented in haplogroup D. Historical

� 2006 The Authors, Journal compilation � 2006 International Society for Animal Genetics, Animal Genetics, 37, 498–502

Irish horse mtDNA diversity 499



T
ab

le
1

M
it
o
ch

o
n
d
ri
al

co
n
tr

o
lr

eg
io

n
se

q
u
en

ce
va

ri
at

io
n

in
Ir

is
h

h
o
rs

es
.
A

2
4
7
-b

p
se

g
m

en
t

o
f

th
e

co
n
tr

o
lr

eg
io

n
fr

o
m

5
9

ID
,
3
9

K
B
,
1
2

C
O

N
,
3

an
ci

en
t

Ir
is

h
an

d
1

an
ci

en
t

En
g
lis

h
h
o
rs

e
sa

m
p
le

s
ar

e
al

ig
n
ed

to
th

e
ro

o
t

h
ap

lo
g
ro

u
p

(A
6
;

as
d
et

er
m

in
ed

b
y

Ja
n
se

n
e
t

a
l.

2
0
0
2
).

V
ar

ia
b
le

n
u
cl

eo
ti
d
es

ar
e

in
d
ic

at
ed

.
A

p
er

io
d

d
en

o
te

s
id

en
ti
ty

;
*

in
d
ic

at
es

a
d
el

et
io

n
;

?
in

d
ic

at
es

m
is

si
n
g

se
q
u
en

ce
d
at

a
(a

n
ci

en
t

sa
m

p
le

F2
1
1
2
2
).

Se
q
u
en

ce
p
o
si

ti
o
n
s

b
as

ed
o
n

th
e

re
fe

re
n
ce

se
q
u
en

ce
(X

7
9
5
4
7
;
X

u
&

A
rn

as
o
n

1
9
9
4
)

ar
e

g
iv

en
ab

o
ve

ea
ch

co
lu

m
n
.
T
h
e

th
re

e
an

ci
en

t
Ir

is
h

se
q
u
en

ce
s

(F
2
1
0
9
9
:
C

la
re

1
5
9
5

±
7
8

ca
lB

P
;F

2
1
1
2
2
:
Sl

ig
o

1
4
7
2

±
5
6

ca
lB

P
;

F2
1
1
5
8
:

W
at

er
fo

rd
3
2
,2

5
5

±
7
1
2

ca
lB

P
)

p
lu

s
th

e
o
n
e

En
g
lis

h
se

q
u
en

ce
(K

IA
2
6
3
5
3
:

D
er

b
ys

h
ir
e

1
2
4
4

±
4
1

ca
lB

P
)

ar
e

sh
o
w

n
in

b
o
ld

ty
p
e.

A
ll

sa
m

p
le

s
h
av

e
b
ee

n
as

si
g
n
ed

to
o
n
e

o
f

th
e

se
ve

n
m

ai
n

h
ap

lo
g
ro

u
p
s

b
y

m
ea

n
s

o
f

it
s

re
la

ti
ve

p
o
si

ti
o
n

in
th

e
m

ed
ia

n
n
et

w
o
rk

(M
cG

ah
er

n
e
t

a
l.

2
0
0
6
).

N
am

e

15494

15495

15496

15521

15526

15528

15532

15534

15538

15540

15542

15584

15585

15597

15600

15601

15602

15603

15604

15615

15617

15631

15632

15635

15649

15650

15659

15666

15683

15703

15709

15718

15720

15726

15737

15740

H
ap

lo
g
ro

u
p

A
6

T
C

A
G

T
C

C
C

A
A

C
C

G
A

G
T

T
T

G
A

T
A

T
C

A
G

T
G

C
T

C
C

A
G

T
A

ID
0
9
,

ID
1
9
,

ID
2
2
,

ID
4
0
,

ID
5
4
,

C
O

N
1
0

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

C
.

.
.

.
.

.
.

.
A

.
.

.
.

.
.

G
.

.
.

A

ID
1
0

.
.

.
.

.
.

.
.

.
.

T
.

A
.

.
.

.
.

.
G

.
.

.
T

.
.

.
A

.
C

.
.

.
.

.
.

A

ID
1
4

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

T
.

.
.

.
.

A

X
7

9
5

4
7

,
ID

2
0

,
ID

6
5

,
ID

6
6

,

K
B

2
1

,
K

B
2

7
,

K
B

3
8

,
F2

1
0
9
9

.
T

.
.

.
.

.
.

.
.

.
.

.
.

.
.

C
.

.
.

.
.

.
.

.
A

.
.

.
.

.
.

G
.

.
.

A

ID
2
1

.
.

.
.

.
.

.
.

.
.

T
.

.
G

.
.

.
.

.
.

.
.

.
T

.
.

.
A

.
C

.
.

.
.

.
.

A

ID
2
6

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

C
.

.
.

.
.

.
.

.
A

.
.

T
.

.
.

G
.

.
.

A

ID
3
3

.
.

.
.

.
.

.
.

.
.

T
.

A
G

.
.

.
.

.
G

.
.

.
T

.
.

.
A

.
C

.
.

.
.

.
.

A

ID
3
4
,

K
B
0
1
,

K
B
2
9
,

K
B
4
4

.
T

.
.

.
.

.
.

.
.

.
.

.
.

.
.

C
.

.
.

.
G

.
.

.
A

.
.

.
.

.
.

G
.

.
.

A

ID
3
8

.
.

.
.

C
.

.
.

.
G

.
.

A
.

.
.

.
.

.
.

.
.

.
.

G
A

.
.

.
.

.
T

.
.

.
.

A

ID
4
7

.
.

.
.

C
.

.
.

.
G

.
.

A
.

.
.

.
.

.
.

.
.

.
.

G
A

.
.

.
C

.
T

.
.

.
.

A

ID
4
8
,

ID
6
1

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

C
.

.
.

.
.

.
.

.
.

.
A

.
.

.
.

.
.

.
.

A

ID
5
9

.
.

.
.

.
.

.
.

.
.

T
.

A
.

A
.

.
.

.
.

.
.

.
T

.
.

.
A

.
C

.
.

.
.

.
.

A

K
B
0
3

.
.

.
.

.
.

.
.

.
.

T
.

A
.

.
.

.
.

.
.

.
.

.
T

.
.

.
A

.
C

.
.

.
.

.
.

A

K
B
1
1
,

K
B
1
6
,

C
O

N
0
4

.
.

.
.

.
.

.
.

.
.

.
.

A
.

.
.

C
.

.
.

.
.

.
.

.
.

.
A

.
.

.
.

.
.

.
.

A

C
O

N
0
3

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
C

.
.

.
.

.
.

.
.

G
A

.
.

.
.

.
.

.
.

.
.

A

F2
1
1
2
2

.
.

.
.

.
.

.
.

.
.

T
.

.
G

.
.

.
.

.
.

.
.

.
T

.
A

.
A

.
?

?
?

?
?

?
?

A

F2
1
1
5
8

.
T

.
.

.
.

.
.

.
.

T
.

A
.

.
.

.
.

.
.

.
.

.
T

.
.

.
A

.
.

T
.

.
.

.
.

A

ID
1
5
,

ID
7
1
,

K
B
2
8

.
.

.
.

.
.

.
.

G
.

.
.

A
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

T
.

.
.

.
.

B

ID
1
6
,

ID
7
0
,

C
O

N
1
4

.
.

.
.

.
.

.
.

G
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

T
.

.
.

.
.

B

ID
2
9
,

K
B
1
3

.
.

.
.

.
.

.
.

G
.

.
.

A
.

.
.

.
.

.
.

.
.

C
.

.
.

.
.

.
.

T
.

.
.

.
.

B

C
O

N
0
8

.
.

.
.

.
.

.
.

G
.

.
.

A
.

.
.

.
.

.
.

.
.

.
.

.
A

.
.

.
.

T
.

.
.

.
.

B

ID
0
8
,

ID
6
3
,

K
B
3
0
,

C
O

N
0
6

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
C

.
.

.
.

.
.

.
.

.
A

.
.

.
.

.
.

.
.

.
.

C

ID
3
6
,

K
B
0
2
,

K
B
1
4
,

K
B
1
5
,

K
B
3
2

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

C
.

.
.

.
A

C
.

.
.

.
.

.
.

.
.

C

ID
5
7
,

ID
7
2
,

K
B
0
9
,

K
B
1
0
,

K
B
3
3
,

K
B
4
0
,

K
B
4
2

.
.

.
.

.
.

.
.

.
.

.
.

A
.

.
.

.
.

.
.

C
.

.
.

.
A

C
.

.
.

.
.

.
.

.
.

C

ID
6
9

.
.

.
.

.
.

.
.

.
.

.
T

A
.

.
C

.
.

.
.

.
.

.
.

.
A

.
.

.
.

.
.

.
.

.
.

C

ID
7
3
,

C
O

N
0
5

.
.

.
.

.
.

.
.

.
.

.
.

A
.

.
C

.
.

.
.

.
.

.
.

.
A

.
.

.
.

.
.

.
.

.
.

C

ID
0
1
,

ID
0
7
,

ID
3
2
,

ID
4
6
,

C
O

N
1
1

C
.

G
.

.
.

.
T

.
.

.
.

A
.

.
.

.
C

A
.

.
.

.
.

G
A

.
.

.
.

.
.

.
.

.
.

D

ID
0
2
,

ID
0
4
,

ID
0
6
,

ID
1
1
,

ID
3
9
,

ID
4
5
,

ID
5
3
,

ID
5
6
,

ID
6
7
,

ID
6
8
,

ID
7
4
,

C
O

N
0
9
,

C
O

N
1
2
,

K
IA

2
6
3
5
3

C
.

G
.

.
.

.
T

.
.

.
.

.
.

.
.

.
C

.
.

.
.

.
.

G
A

.
.

.
.

.
.

.
.

.
.

D

� 2006 The Authors, Journal compilation � 2006 International Society for Animal Genetics, Animal Genetics, 37, 498–502

McGahern et al.500



documentation has suggested a Spanish origin for many of

the founders of the ID (Fell 1991; O�Toole 2001), which is

the putative origin for haplogroup D (Lopes et al. 2005).

However, many breeds have contributed to the ID history,

and it is therefore not surprising to find a broad genetic base

for the ID population.

Most striking was the observation that only a few of the

KB sequences belonged to the common European haplo-

group D (Europe: 35%; KB Pony: 13%), and a high pro-

portion were within haplogroup E (31%). Haplogroup E is

rare globally and no other population analysed to date has

been so highly represented herein (McGahern et al. 2006).

Within all published horse data, haplogroup E contains 29

of 844 mtDNA sequences of which 66% are from popula-

tions in the British Isles (12 KB pony, six Shetland and one

Thoroughbred). Haplogroup E also contains one Icelandic

pony and two Cheju mtDNA sequences. Fisher exact tests of

independence for haplogroup E concordance with British

and European pony populations were both significant

(P < 0.0001). Therefore, this haplogroup has a propensity

to contain a high frequency of mtDNA sequences from small

ponies distributed principally on the western fringe of

Europe.
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