A TS LI ] Subtropical Agri & Biotech . Cheju Natl Univ.}, 20(1) @ 61-67(2004)

Genetic diversity of the various conserved mtDNA
control regions of Cheju Horses
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ABSTRACT The complete mtDNA D-loop
sequences of Cheju native horses were used to
investigate mtDNA polymorphism in various
conserved regions and phylogenetic rela tion-
ships among other breeds.
Seventy polymorphic sites in the control
region, excluding a tandem repeat region,
were observed in the seventeen mtDNA D-loop
sequences of Cheju horses. These mutation
sites comprise 60 transition, 2 transversion
and 7 The ratios of the base
substitution of 5 flank. central domain and 3
flank of the control region were 0.08. 0.07 and

0.04. respectively. The genetic diversity(h) of the

indel sites.

control region was 0.91 and the probability of
the
Cheju horses showed a

two random individuals having same
genotype was 0.11.
broad range of foreign breed affinities in the
maximum parsimony tree with the sequences of
Thoroughbred. Arabian, Mongolian and Chinese
horse breeds. Distribution of mutation sites
on the control region was highly unbalanced
over various sequence blocks. suggesting that
different rates of evolution at different sites
should be considered in the analysis models of
divergence time and phylogenetic tree among

species or populations.
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INTORDUCTION

Mammalian mitochondrial DNA have been

extensively studied in evolutionary and
phylogenetic research due to two contrasting
features. One is a conservation of size,
structure. informational content. and basic gene
organization of mtDNA(Attardi, 1985: Clayton,
1991: Wolstenholme. 1992). The other 1s a high
rate of nucleotide sequence evolution(Brown et
al.. 1979. Brown et al., 1982:
1999). In addition. mtDNA has other striking

inheritance

Pesole et al..

features such as  maternal
(Hutchinson et al, 1974: Gyllenstein et. al.. 1991).
single copy genome. lack of recombination and
clearly defined sequence and gene function.
These features make the mtDNA molecule
particularly suitable for evolutionary studies
(George et al.. 1986: Kumazawa and Nishida,.
1993: Murray et al.. 1998).

The main non-coding region(>-loop) contains
the major regulatory elements for replication
and expression of the mitochondrial genome
and it is the most rapidly evolving part of the
mitochodrial genome(Cann et al.. 1984). Thus
the used for

D-loop has been frequently
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intraspecies phylogenetic analysis to estimate
evolutionary relationship and maternal lineage
within and between populations. Comparisons
of sequence substitutions in mitochondrial
control region provides a good tool for the
analysis of genetic variation. maternal lineage
of a founder population, and the time or rate
of molecular 1991:
Ward et al.. 1991. Sbisa et al.. 1997 Baasner
et al., 1998). The D-loop region(with a length of

around 1lkb) of mtDNA in mammals is known

evolution(Saccone et al.,

to be more variable than the sequence in
other mtDNA regions and it contains several
conserved sequence blocks (Cann et al.. 1984:
Saccone C. et al.. 1987. Ishida et al., 1994:
Sbisa et al.. 1997: Pessole et al.. 1999). The
substitution rate of genomic DNA or mtDNA
is dependent on the region considered, which
suggests that different mutation rates are

found in different blocks of the D-loop region

and in the -calibration of the molecular
clock(Saccone et al.. 1991. Pesole et al.
1999).

One of the objectives of this study was to
investigate genetic diversity in various sequence
blocks of mtDNA D-loop of Cheju horses that are
being raised in Cheju Institute as protected,
heirloom animals. The other objective was to
examine the relationships among the Cheju and
Arabian,
Yunnan. and Thoroughbred) by phylogenetic

foreign breeds(Mongolian, Chinese

analysis.

MATERIALS AND METHODS

Data of Cheju native horses used in this
study were adapted from Yang et al.(2002). It

comprises 17 mtDNA D-loop types which were
aligned from the complete D-loop sequences of
65 Cheju horses. Genbank accession numbers
for the seventeen mtDNA D-loop sequences of
Cheju horse type CJ1 through CJ17 are from
AF354425 - AF354441.

Genetic diversity of mtDNA sequences (equivalent
to heterozygosity) in the sample population
was calculated as h = (1-32X°) n/(n-1) (where n
is the sample size and where x is the frequency
of each mtDNA type). The probability of two
randomly selected individuals from a population
having identical mtDNA types was estimated
as P = 3X* . Phylogenetic analysis of complete
mtDNA D-loop sequences was performed using
DNAPARS in PHYLIP 3.5(Felsenstein, 1989).

RESULT

Samples of seventeen mtDNA D-loop sequences
showed 70 variable positions. The percentage
of mutation sites of complete control region was
7.1, and there was a total of 61 transitions, 2
transversions and 7 insertion/deletions. Pyrimidine
transitions were a little more frequent than
those of purine transitions(Fig.1).

The 5 flank in the control region was the most
of the substitution

5 flank.

domain and 3 flank. But within the small

variable area with 8.2%
sites among three areas: central
conserved sequence blocks(CSB: Sbhisa et al,
1997). CSB1 region in the 3° flank had 12
percent of sites containing a substitution, and
ETAS1(Extended Termination Associated Sequence)
region in 5 flank had 10 percent of the sites
containing substitutions while the CSB3 region
had no mutation(Table 1).
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Haplotype

1 1234
CcJo1 ATCAACGATTGCCAAGATCCACCATCACCACAACCTCAGCATTAAT TTCAAGGTGCCGCTTC-——CCAT
CcJo2 GC. G.A. . T..T.CT.......... ... T..... .- TG. . .CA. A ..
cJo3 G.-.‘.A,.,.T .......... T.CT..T...G...T........ . —.C ......... A...‘---—..C
CJO4 G..G .A  ..T. . T. . .T.CT..... G...C...T...... -...GG.ACA. A ... —. ...
CJOS G........ cT ... .. GTT.C.... .. G...C......... - .. GG ... T.A .  -— .
cJoé G..G..A ...T T...T.CT... .. G...C...T...... -...G..ACA. ,A....—.. ..
cJo7 G....TA. ..T. GA.. . ... TCT........... G.T .. ... -...G6...CA_A - .C
CcJos G....TAG.. . TT.GA.C. .. .T.CT. .............. C...-...G...CA..A -
CJOS G.... .. G..AT... . GC....T.CIG..G.....C.G......G.C.. GGA.CA. A-A. -C. .G
cJ10 G..... . G..AT... .. C....T6CTG.. .T....C.G..G..GG.C...G.A.CA. GA. A.TCCC. .G.
cJ11 G...... G. AT.....C... T6CTG...T....C.G..G..GG.C.. G.A.CA. A.A T-CC..G.
CJ1z G.-....G..AT....GC.... T.CIG..G.....C.G..... G.C...GGA..... A-A,.——C..G.
cJ13 G....... C.T.......... T.CT.T... .GTTC.G...C....-C....A.CA. A AC -—-TG.
CJ14 G.-..T.G...T. GA... ... TCT........... G.T...... -...G..CA A . . — C
cJ15 G..... A AT. G. .C TGCTG...T....C.G..G. .GGCC...G.A.CA. A A --C. G
CJ16 G.... .. G..AT. G....... T ... G....TG.T.... .. - CA A ..  ——-
CcJ17 G..G...G...T..G...T...T.CT. .... G...... AT. .. ... -...G. . ACA . .A .. .-~

Fig. 1. Definition of 17 mitochondrial lineages (Genbank accession numbers. AF354425 -

AF354441) in terms of 70 polymorphic sites within the control region of Cheju native

horses.
1994).

where the position numbers refer to the published horse sequence(Xu et. al.
Dots indicate identity with the bases in the CJ01 haplotype sequence. CJ01 was

arbitrarily chosen as the reference sequence.

Table 1. Number of mutation sites by various regions in the mtDNA D-loop

Percentage of

Region Transitions Transversion INDELS . .
mutation sites
Control region 61 2 7 7.1
5" flank 21 0 1 8.2
Central domain 23 0 0 7.2
3" flank 17 2 6 6.3
ETASI1 o 0 0 10.0
ETAS2 5 0 0 8.2
CSBl1 3 0 0 12.0
CSB2 0 0 1 59
CSB3 0 0 0 0.0

Note: various conserved regions refer to the published sequences by Sbisa et al(1997),
Control region(length 982 bp). position 15469-16660: ETAS1(60 bp). 15572-15631:
ETAS2(61 bp). 15634-15694: CSB1(25 bp). 16096-16120: CSB2(17 bp). 16397-16413:

15469-15735; 3" flank(396 bp), 16055-16660.

15736-16054.

CSB3(18 bp). 16450-16467: 5 flank(267 bp).
excluding repeats: Central domain{319 bp).

Genetic diversity(h) of the whole D-loop was
0.91. indicating that extant group of Cheju
horse have several maternal lineages. The
CSBI region with 6 halplotypes showed the h
of 0.82. the highest value among the various
small conserved regions(Table 2).

Maximum Parsimony analysis of D-loop data of
Cheju horses compared to Mongolian. Arabian.
Chineses Yunnan, Przewalskii, and Thoroughbred
breeds is shown in Fig. 2. There was no breed
specific segregation of individual sequences in the
phylogenetic tree. D-loop types of Cheju horses
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were scattered within clusters of various breeds One Cheju horse D-loop haplotype had a deep-
and showed no consistent relationship to each other. rooted node(CJ13, 100 % of probability).

Table 2. Genetic diversity and the probability of maternal lineage identity by various conserved regions
within the D-loop

Regions Number of haplotypes Genetic diversity(h) P
Control region 17 0.909 0.105
5 flank 15 0.905 0.109
Central domain 12 0.893 0.120
3 flank 16 0.908 0.106
ETASI1 8 0.752 0.259
ETAS2 6 0.593 0.416
CSB1 6 0.820 0.193
CSB2 2 0.242 0.761
CSB3 0 0.000 1.000

P. probability of two random individuals having the same genotype

97 — CJ11
8 ’Mr— cI10
" CJI5
Mongolian 2
83 ---————— Mongolian 3
88 —— CJO9

— CJ12
61 (————— CJOS

59

78 | Arabian 1
L arabian 3
e ————  CJO1

—4 Thoroughbred 2

5 99 o 71 - Chinese Yunnan 1

L~ Chinese Yunnan 2
R Thoroughbred 3
——————————————— — 03
R 59 _{———— CcJo7
: T
79 ——— CJO8

t——— Arabian 2

________ Przewalskii

————————————————— 16

59_{—>~- CJos
— CJO4

r ——-= Mongolian 1
_________ | 7——{——— ch7
T YT

Thoroughbred 1
= CJ13

[OR— .

[, [ Donkey

Fig. 2. Phylogenetic tree of Cheju(CJ01-CJ17). Mongolian, Arabian, Chinese Yunnan Przewalskii.
Thoroughbred along with a donkey as an outgroup. The tree was drawn using the maximum
parsimony method. Figures on internodes are bootstrap probabilities (in percentage) based on 1000
bootstraped. Data were adapted from kim et. al.(1999) for Mongolian. Yunnan and Przewalskii.
from Flannery(1999) for Arabian and Thoroughbred. and from Xu et. al.(1996) for donkey.
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DISCUSSION

Cheju Island has been major horse breeding
region of Chjeu native horses, crossbreds with
foreign breeds and Thoroughbred horses in
Korean peninsular. Because of the decreasing
value of Cheju native horses for draft or
riding in recent times, the number of native
horses sharply decreased to about 500 heads
in these days.

We consider that Cheju horses comprised
various maternal lineages while the origin of
Cheju horse has not clearly defined(Kim et al..
1999). Yang et al(2002) reported that Cheju
native horse showed 17 maternal lineages in
the analysis of mtDNA D-loop. This diversity
may be due to a diverse founder population of
Cheju horses or due to the results of genetic
inflow from other breed or population sources
outside Cheju Island in recent times. No sign
of bottleneck has been reported under this
amount of diversity in history of current
population. However, several D-loop types are
rare and could be lost without efforts to
preserve them.
showed that Cheju
horses did not form a single cluster within the

Phylogenetic analysis

phylogenetic tree among the foreign breeds.
Instead they clustered with several non-Cheju
horse types included in the analysis. It appears
that the population of Cheju horses has a
diversity of maternal lineages. indicating that
the population of Cheju horses might be a
mixed population with origins of a variety of
horses brought from outside Cheju Island.
This result coincided with the reports of Kim
et al (1999) and Yang et al.(2002).

Some DHloop types of Cheju horses showed close
affinity with Mongolian horse types. suggesting
the partial contribution of mongolian ancestor

to the present Cheju horse population(Fig. 2).

Previous reports that there was some inflows
of Mongolian horses and the dispersion of
their genetics characteristics through Cheju
native horses was confirmed again over the
phylogenetic tree in this study(Lee K. M.,
1961: Kang M H., 1965. Oh, Y.S. 1995: Kim et
al., 1999). CJ13 has the deepest node within
the phylogenetic tree with a 100 percent of
probability based on 1000 bootstraped. This
type could be considered to be a deep-rooted
maternal lineage of native horses if exist
along with those of CJ09 - CJ12 and CJ15.

In general, the degree of genetic diversity
of a population in DNA sequence depends on the
size of the founding population, chronological
duration of the established population, and
the degree of isolation of the population from
other
bottleneck event or recombinations between
different types of mtDNA but these events
reduce genetic diversity and mixed lineages to

ones. Populations could undergo a

create a more homogeneous population of
mtDNA sequence over time(Ward et al., 1991:
Strauss E.. 1999). Considering the small local
population and geological isolation of Cheju
Island from other populations on neighboring
continents, a low level of genetic diversity would
be predicted. The presence of a substantial level
of mtDNA diversity and genetic resemblance
to a variety of breeds suggests considerable
heterogeneity in maternal lineages of Cheju
horses.

The distribution of observed base substitutions
showed that most changes are transitions(87%
About 23 percent of
transition sites in the D-loop were in the conserved

of substitution sites).

sequence blocks, which were segmented and
defined by Sbisa et al.(1997) as ETASI,
ETAS2, and CSB1. The Cheju native horse
population showed a high amount of genetic
diversity at various sequence blocks for such
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a small population as now exists as compared
to the other horse groups that have been
examined(Wang et al.. 1994. Kim et al., 1999:
Flannery 1999).

As investigated in this study the genetic
diversity of the various segmented mtDNA
control region varies along with the sequence
blocks of control region. This different genetic
diversity in various sequenced blocks or
conserved regions of mtDNA D-loop suggested
that we should consider different rate of
evolution at different sites for estimating
evolution times and analysing the phylogenetic

trees with DNA sequences.
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