GENETIC ANALYSIS OF SIRE LINES AND SIRE
PROGENY GROUPS IN THE OLD KLADRUB HORSE

V. Jakubec!, V. Glasnak?, J. Jelinek?, J. P¥ibyl4, J. Volenec3, N. Zali>

L Czech University of Agriculture, Faculty of Agronomy, Prague, Czech
Republic

2 State Breeding Enterprise, Prague, Czech Republic

3 National Stud at Kladruby, Kladruby nad Labem, Czech Republic

4 Research Institute of Animal Production, Prague-Uhtinéves, Czech
Republic

In 8 sire lines and 16 sire progeny groups (182 progeny) the average coefficient
of inbreeding (F¥) and average heterozygosity (H) were estimated. The average
coefficient of relationship (Rxy) and genetic distance (D) between each pair of
these 16 sire progeny groups were also estimated. Analysed were the inbreed-
ing and relationship back to the eighth parental generation and 16 systems of
blood groups and biochemical polymorphism. For the whole breed these pa-
rameters were estimated: Fx = 6.72%, H = 36.65%, Rx; = 4.92% and D = 8.41.
The correlation coefficient between the average coefficient of inbreeding and
average heterozygosity for 16 sire progeny groups was insignificant (r = -0.11).
The correlation coefficient between the average coefficient of relationship and
the genetic distance between the same 16 groups was highly significant (r = -0.63).
The level of inbreeding does not influence the average heterozygosity in the
sire progeny groups. Between higher values of the genetic distance and lower
coefficient of relationship is a very close link.

Old Kladrub horse; sire lines; sire progeny groups; genetic analysis; blood
groups; biochemical polymorphism

INTRODUCTION

The Old Kladrub horse is a unique breed of horses. It is adapted to a spe-
cialized niche, which is defined by the type of animal husbandry and the
economic utilization. At present the breed is endangered but during the first
half of the 20th century the breed size was sometimes so small that the breed
was considered critical. Since the foundation at the end of the 18th and at the
beginning of the 19th century the breed was kept in a limited size and more
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or less inbreeding was used. Immigration of genes from related breeds was
made use of the whole history of the breed.

During the past years much attention was paid to the conservation of the
Old Kladrub horse. In 1992 a genetic analysis was initiated to check the
inbreeding of individuals and subgroups and the relationship between pairs
of individuals and sire progeny groups within the breed, calculated from
pedigree and by means of biochemical polymorphism. The first results of the
analysis were published by Volenec et al. (1995). They estimated an
average inbreeding cofficient of Fz = 7.75% for the whole breed.

The knowledge of the genetic variability within a population is interesting
both from the theoretical and the practical point of view. For the elucidation
of this problem the blood groups and the protein polymorphisms are suitable.
Information on gene frequencies of various horse breeds is available in some
reviews (Glasnak, 1973; Bowling, Clark, 1985). Kidd, Pirch-
ner (1971) and Geldermann (1972) recommended the use of gene fre-
quencies of genetic polymorphisms for the study of relationships between
populations and subgroups within populations. Blockhuis and Buis
(1979) analysed the genetic distance between 12 horse breeds using 6 bio-
chemical polymorph systems.

In a population of 176 stallions and 809 mares of various horse breeds
Mayrhofer and Dworak (1983) found an average heterozygosity of
41.6-53.2%. Oom and Cothran (1994) found in 77 horse breeds 65
various genetic variants at 17 loci. The same authors found only 40 genetic
variants in the Sorraia breed with a high coefficient of inbreeding.

The difference in the average heterozygosity of both groups was however
minimal — 37.5% versus 37.7%. They did not find a significant correlation
between the average heterozygosity and the coefficient of inbreeding.
Bowling (1994) showed a relative invariable gene frequency of blood
groups and biochemical polymorph traits for various horse populations. He
found in 975 wild horses caught at 7 localities the average heterozygosity of
40.2% and in 16 breeds of domestic horses the average heterozygosity of
38.9%. He gave evidence that wild horses were derived from various domes-
ticated breeds.

MATERIAL AND METHODS

In 1993 and 1994 a genetic analysis of the Old Kladrub breed was carried
out by means of:

1. Population genetics methods.

2. Markers at the level of gene products.
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The following were analysed:
182 progeny (stallions and mares) of different age and grouped into:
7 sire lines
16 sire progeny groups
2 colour varieties (gray, black) — 73 gray individuals (6 sire progeny
groups), 109 black individuals (10 sire progeny groups)

Population genetics methods

The coefficients of inbreeding (F,) for all individuals and the coefficients
of relationship (R,y) for all pairs of individuals were estimated according to
Wright (1922). Analysed were the inbreeding and relationship back to the
eighth parental generation.

Markers at the level of gene products

All individuals were tested for blood groups and biochemical polymor-
phisms (6 systems of blood groups and 10 systems of biochemical polymor-
phism) — Tab. L.

The parameters F were used for the estimation of the average coefficients
of inbreeding (F%) for the sire groups, sire lines, for the varieties of gray and
black individuals and for the whole breed. At the same time the average
heterozygosity was estimated for the same genetic groups (Nei, Roy-
choudhuri, 1974).

The homozygosity at the i-th locus (g;) is
n;
gi= Z Xﬁ
i=1
where: X;j — frequency of the j-th allele at the i-th locus

2
Xij— frequency of the homozygotes at the i-th locus
ni — number of alleles at the i-th locus

The heterozygosity at the i-th locus () is
hi=1-g;
The average heterozygosity (H) is
r
H= Z hi

i=1

Where: r = number of loci
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1. Genetic polymorphism (16 systems)

System Symbol | Factors o
Blood groups
1. A A a, b, c f -
2. € C a, —
D D a,b,c,def ghiklmno-
3. K K a, —
4. P P a, b, c, -
5. Q Q a, b, c, -
6. U U a, —
Protein polymorphism Variants
7. albumin ALB* A B
8. transferrin TF* D, Dy, Fy, Fp, H, M, O, R
9. haemoglobin HBA® Al, All, BI, BII
10. carbonic anhydrase cA® F, L O, S
11. carboxylesterase ES?* F,G LS
12. glucose phosphate isomerase GPI F, ;8
13. 6-phosphogluconate dehydrogenase PGD" D,F, S
14. vitamin D binding protein GC* F, 8
15. B-glycoprotein AIB* F, K, S
16. phosphoglucomutase PGH" F, S,V

a — systems of genetic variants in the serum or plasma
b — systems of genetic variants in red blood cells

The variance of H [Var (H)] is

Var(H) ==

> (hi—Hy’

r.(r—=1)

The average coefficient of relationship (Ry;) and the genetic distance were
estimated between all 16 sire progeny groups

(120 pairs — -
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1.(n—1)
2 )
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The genetic distance was estimated according to Nei (1972):
i X Xij Yij

D =-In
VEZ XD (5% YD)

where: Xj; (Yij) — frequency of the j-th allele at the i-th locus of the population X (¥)
X,Zf(Y,Z/) — frequency of the homozygotes at the i-th locus of the population X (¥)

For all 16 sire progeny groups the correlation between the average he-
terozygosity and average coefficient of inbreeding was calculated. The cor-
rclation between the genetic distance and the average coefficient of
relationship was calculated for all 120 pairs of sire progeny groups.

RESULTS AND DISCUSSION

The coefficient of inbreeding of sires is shown in Tab. II. The comparison
of Fy and H for all genetic groups and the whole breed are in Tab. III. Genetic
distances (D) and average coefficients of relationship (R in %) between the
sire progeny groups are in Tab. IV.

II. Coefficients of inbreeding of stallions (Fx)

Number Name F. (%)
1 Generalissimus XXIX 44
2 Generalissimus XXX 10.4
3 Favory XI-K 0.9 gray
4 Rudolfo I 14.5
5 Sacramoso XXXVII 1.7
6 Sacramoso Aboca XL 8.9 |
7 Sacramoso Eleona XXXVIII 11.3
8 Sacramoso Xerxes XXXIX 9.5
9 Solo Narcis IV 6.3
10 Solo Majka VI 6.4
11 Solo Magnifica VII 4.1 black
12 Solo Isoleta VIII 9:3
13 Siglavi Pakra Favorina [ 0.1
14 Siglavi Pakra Barbara IIT 5.8
15 Romke 9.8
16 Romke Eleona II 0.0 J
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The following parameters were estimated for the whole breed:
Fy=6.72%, H = 36.65%, Ry = 4.92% and D = 8.41.

The average heterozygosity of the Old Kladrub breed is a little smaller
than the same parameter estimated by Mayrhofer and Dworak (1983)
— H = 41.6-53.2%, but comparable with the estimated parameters by B o w | -
ing (1994) — H = 40.2%, resp. H = 38.9% and by Oom and Cothran
(1994) — H = 37.5% (77 horse breeds) and H = 37.7% (strong inbredized
breed Sorraia).

The correlation between the average coefficient of inbreeding and average
vhet.erozygosity for 16 sire progeny groups was insignificant (r = —0.11).
Ne}ther Bowling (1994) nor Oom and Cothran (1994) found a sig-
plflcant correlation between the average heterozygosity and the coefficient of
inbreeding. The level of inbreeding does not influence the average heterozy-
gosity in the sire progeny groups. The correlation coefficient between the
average coefficient of relationship and genetic distance between the same
pairs of sire progeny groups was highly significant (r = —0.63). There is
a very close link between higher values of the genetic distance and lower
values of average coefficients of relationship.

CONCLUSIONS

It is very favourable for genetic analyses to combine the population pa-
rameters (Fx, Ryy) with the parameters based on markers (H, D). The relatively
small average coefficient on inbreeding in the breed (F; = 6.72%) does not
influence the relatively high average heterozygosity (H = 36.65%). We can
support the statement of Bilek (1955) and Dusek (1992) that the slight
intensity of inbreeding has not a negative impact on important characters
(reproduction, growth). Due to the significant correlation between the average
coefficient of relationship and genetic distance (r = —0.63) between the same
pairs of sire progeny groups both parameters can be used alternatively.

The present size of breed (220 mares and 30 stallions) and the 8 sire lines
allow a scheme which is known as circular group mating. Closely related
animals are assigned to the same sire line. Every generation males are ex-
cﬂhanged between groups. This system makes it possible to breed 4 genera-
t10n§ before genes for the same group are brought in again. In principal, the
mating system avoids the breeding of close relatives.
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Geneticka analyza otcovskych linii a skupin otcovskych potomka u staroklad-
rubskych koni.

Scientia Agric. Bohem., 27, 1996 (4): 283-292.

V letech 1993 a 1994 byla provedena genetickd analyza u plemene starokladrub-
skych koni pomoci jednak populatng-genetickych metod a jednak markeri na Grovni
genovych produkti. Analyzovano bylo 182 potomki (hfebct a klisen) riizného véku.
Uvedeni jedinci byli t¥{déni do 7 otcovskych linii, 16 skupin otcl a na dv€ barevné
varianty (bild a vrand). Bilou variantu tvofilo 6 otcovskych skupin a 73 jedinci.
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Cerna varianta se skladala z 10 otcovskych skupin a 109 jedincu. Koeficienty inbri-
dingu (F.) pro vSechny jedince a koeficienty pfibuznosti (Ry) pro viechny pary
jedinctd byly odhadnuty podle Wrighta (1922). Inbriding a ptibuznost byly sledo-
vany zpétn€ az po 8. generaci pfedkli. VSichni jedinci byli testovani pomoci krevnich
skupin a biochemického polymorfismu (6 systémt krevnich skupin a 10 systémg
biochemického polymorfismu). Parametry F. byly pouZzity pro odhad priimé&rnych
koeficientl inbridingu (F%) otcovskych skupin potomki, otcovskych linii, obou ba-
revnych variant a celého plemene. Soucasné byly pro stejné genetické skupiny od-
hadnuty primérnd heterozygotnost (Nei, Roychoudhuri, 1974) a geneticka
distance (N ei, 1972). Pro celé plemeno byly odhadnuty tyto parametry: Fx = 6,72 %,
H = 36,65 %, R =4,92 % a D = 8,41. Korela¢ni koeficient mezi pramérnym koefi-
cientem inbridingu a primérnou heterozygotnosti pro 16 skupin potomki byl nevy-
znamny (r = -0,11). Korelace mezi pramérnym koeficientem ptibuznosti a genetickou
distanci byla pro stejny pocet 16 skupin vysoce vyznamnd (r = —0,63). U otcovskych
skupin potomkd nemd troveil inbridingu vliv na prim&rnou heterozygotnost. Mezi
vysokymi hodnotami genetické distance a nizkymi hodnotami koeficientu pribuznosti
existuje velmi tésny vztah.

starokladrubsky kifi; otcovské linie; skupiny potomkid po otcich; genetickd analyza;
krevni skupiny; biochemicky polymorfismus

Contact Address:

Prof. Ing. Véclav Jakubec, DrSc., Ceskd zem&délska univerzita, Agronomicka
fakulta, Kamycka 129, 165 21 Praha 6-Suchdol, Ceska republika, tel.: 02/24 38 30 31,
fax: 02/39 37 05

292 SCIENTIA AGRICULTURAE BOHEMICA, 27, 1996 (4): 283-292




