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ABSTRACT 

Horses have been domesticated for thousands of years. 

Through selection practices horses have been separated into 

groups that pass on desired traits. We have viewed what the 

breeders have done at the genotypic level to accomplish their 

breeds. By using a relatively new technique, DNA 

fingerprinting, Thoroughbred inbreeding and eight other breeds 

(Standardbreds, Quarter horses, American Saddlebreds, National 

Show Horses, Arabians, Morgans, Mustangs and Belgians) have 

been studied. 

The probes CAC5 and YNZ 132 gave the best probability 

(ranging from 1.9x10°'° to 4.8x10°%)that two unrelated 

individuals would not have the same DNA fingerprint out of the 

probes screened. 

The level of inbreeding in Thoroughbreds has been 

estimated by comparing the number of bands shared among these 

animals to a quasi-natural population (Mustang) and a 

theoretically known genetic relationship (a sire and his 

offspring). Using the probes CAC5 and YNZ 132 Thoroughbreds 

share 20% more bands than the Mustang and 30-50% less than the 

sire and offspring. 

To compare the nine breeds, blood from ten horses from 

nine different breeds was mixed and DNA fingerprinted. Each 

lane on the autoradiograph therefore represents one breed. The 

two probes produced data with a rank correlation of .75



(Kendall's tau) (Ostle,B., 1963). Selection practices have 

been divided into, narrow selection regimes (where one or two 

traits have been selected for) and broad selection regimes 

(where numerous traits have been selected for). The amount of 

bands shared between the breeds was calculated and applied to 

a computer program named Gendiv (Gentzbittel and Nicolas, 

1989,1991). Three consensus trees were derived showing that 

the narrow selection regime breeds, Thoroughbreds and 

Standardbreds, were the most genetically distanced from broad 

selection regime breeds, Mustangs and Morgans.



ACKNOWLEDGEMENTS 

I would like to sincerely thank: 

Mike Stanley for the entire funding of this project. 

The following breeders and owners for taking the time to send 

me blood samples. 

David Bandy, William Moore, Midge and Jack Harmon, Dr. T.D. 

Mowbray Jr., Ike C Essick, Mike and Jacki Fitch, Shannan and 

Susan Hanley, Bryant,Darlene,Otie and Kristi Rickman, Dr. Phil 

Sponenberg, Mark White, Lester Whitney, Bent Tree Farms, Micki 

Patrick, Benny White, Barbara Silcox, Kentuckian Farms, Jimmy 

Cruise, J.D. Frederickson, Randal Arms, Dr. Thomas Bibb. 

Without your interest this research would not have been 

possible. 

iv



TABLE OF CONTENTS 

ABSTRACT . . «© «© « « « 

ACKNOWLEDGEMENTS .. .~ 

INTRODUCTION .. -« « « 

MATERIALS AND METHODS . 

RESULTS ° °° e e e e * e 

HYBRIDIZATION PATTERNS 

CALCULATIONS .. . 

GENETIC. SIMILARITY OF THOROUGHBREDS 

COMPARISON OF NINE BREEDS OF HORSES 

DISCUSSION ... =. « -« 

LITERATURE CITED .. - 

CURRICULUM VITAE .. . 

16 

22 

36 

41



Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

LIST OF FIGURES 

vi 

15 

19 

20 

21 

34 

35



Table 

Table 

Table 

Table 

TABLE 

Table 

Table 

TABLE 

TABLE ~ 

TABLE 

TABLE 

TABLE 

TABLE 

TABLE 

10 

11 

12 

13 

14 

OF TABLES 

vii 

10 

11 

12 

17 

25 

26 

27 

28 

29 

30 

31 

32 

33



INTRODUCTION 

Mankind has always been attracted to the horse's 

strength, speed and graceful beauty. By the personal 

performance of the breeders, horses have been selectively bred 

for a broad range of tasks. This selection has slowly 

developed groups of animals that are best suited to perform 

these tasks. These groups of horses are now called breeds. We 

address some aspects of the genetics of nine different breeds 

of horses. How do different selection regimes, ranging from 

a narrow single trait regime to a broad, many trait regime 

affect the genetics of domesticated animals? Special emphasis 

will be placed on Thoroughbreds because of the alleged 

inbreeding of the breed. Studies of genetics of the 

domesticated horse have been limited to pedigrees (Jones, 

1982) and bloodtyping (Bull, 1983; McGuire & Weitkamp, 1980; 

Antczac, et al. 1986). We seek to broaden this by using a 

relatively new technique, DNA fingerprinting. The nine breeds 

studied are Thoroughbreds, Standardbreds, Quarter Horses, 

American Saddlebreds, National Show Horses, Arabians, Morgans, 

Mustangs and Belgians. 

Two approaches to a new technique, blood mixes and DNA 

mixes (Dunnington, et al. 1991), were used as a more 

efficient method for characterizing a breed. The DNA 

and blood mixes of the same ten animals were compared. Due to 

the interest in the amount of inbreeding in Thoroughbreds, 
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each horse was individually DNA fingerprinted to assess the 

homogeneity within the breed. These calculations were 

compared with those of the Mustang, and related individuals 

i.e.,: a sire and six of his offspring. Consensus trees were 

made from the data obtained from the mixes of the nine breeds 

of horses. This estimates the genetic relationships among the 

breeds (Siegel, et al., 1992). 

In the recent past the genetics of Thoroughbreds have 

been studied more often than those of the other breeds. 

Inbreeding may be a factor in the low reproductive rates and 

low speed ratings of Thoroughbreds (Gaffney & Cunninghan, 

1988). The global production rate for the Thoroughbred is 

50%, which is much lower than the average production rate of 

85% in cattle (Gaffney & Cunningham, 1988). Heritable 

abnormalities are on the rise (Cook, 1991) while track 

performance is not improving to an extent commensurate with 

its heritability rate of 0.3-0.4 (Cunningham, 1991). 

Pedigrees and performance records have given geneticists a 

good source of data to estimate genetic relationships and 

heritable characteristics (Cunningham, 1991). This is a study 

of the genetics of the Thoroughbreds as well as 

the eight other breeds of horses at the genotypic level. 

Standardbreds are race horses that has been selected for 

speed at the pace or trot. They have endured a broader 

selection regime than Thoroughbreds (Minkema, 1975). American 
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Quarter Horses and American Saddlebreds both’ share 

Thoroughbred ancestry, but each has been selected for very 

different characteristics (Jones, 1982). The Quarter Horse is 

a heavy muscled, heavy boned animal best suited for quick 

speeds and agility. The American Saddlebred is a tall, light 

muscled, gaited animal with high stepping leg action. The 

Quarter Horse has undergone a moderate selection regime while 

the American Saddlebred has experienced one much narrower. 

American Saddlebred mares are now being crossed with Arabian 

Sires to produce the newest breed, the National Show Horse 

(Bandy, 1990). These animals have the conformation of the 

Arabian with the gaitedness and high action of the American 

Saddlebred. The Arabian breed, known for its_ speed, 

endurance, durability and style, has influenced many of the 

breeds seen today. Arabian horses have a world wide 

distribution and breeders have refined their many desirable 

traits (Bowling and Clark, 1985). Morgan horses are unique 

because this breed was founded by one sire (Jones, 1982). 

Breeders were more interested in specific characteristics than 

in bloodlines, therefore making early records sparse or 

nonexistent (Jones, 1982). These horses have had a broad 

selection regime due to breeders desiring a heavy boned, short 

coupled, powerful, fast animal with a good disposition. The 

Mustang is a feral population roaming the western regions of 

North America (Jones, 1982). This breed has sustained minimal 
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human intervention and represents a quasi-natural population. 

Therefore the Mustang has the broadest selection regime of 

all the breeds. The lighter breeds (Thoroughbreds, 

Standardbreds, Quarter Horses, American Saddlebreds, National 

Show Horses, Arabians, Morgans and Mustangs) were derived from 

the subspecies Steppe tarpan. The Belgian is a draft breed 

and is thought to have been derived from Forest tarpan, a 

distinct subspecies. Belgians may outweigh the light breeds 

by a thousand pounds. They are extremely heavy boned and 

muscled, and lack agility and speed, but are very powerful. 

Belgians should be genetically distinct from the other breeds 

(Jones, 1982). 

MATERIALS AND METHODS 

Genomic DNA was prepared from venous blood that was 

combined with an equal amount of "shipping buffer" (Stanley, 

1992 in review). The samples were labeled and shipped via the 

U.S. mail. A modified protocol (Sambrook, et al., 1989) of 

one phenol-chloroform and one chloroform/isoamyl extraction 

was applied to 4ml of each of the samples. DNA was 

precipitated using ethanol and dissolved in 10mM Tris-Cl, 1mM 

EDTA; pH 7.4. The samples were cleaned with Strataclean 

Resin. The best restriction enzyme/probe combination was 

determined by restricting equine DNA with eleven different 
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enzymes (Hinf I, Hae, III, Alu I, Mbo I, Dpn II, Eco RI, Pvu 

I, Kpn I Xma I, Sst I, Sma I) and probing using ten different 

probes ( Jeffreys 33.15, YNZ 132, Per, GACA4, GT9, GATA4 

(Buitkamp, 1991), mouse Major histocompatibility complex, M13, 

pig satellite (Coppieters, 1990), CAC5). Mbo I gave the best 

results when combined with YNZ 132 and CACS5. Dpn II (an 

iso-schizomer of Mbo I) gave the same results as Mbo I but 

full restriction was hard to achieve. All other combinations 

were either impossible to read due to background or the 

banding pattern showed a high degree of band correlation among 

individuals. Ten ug DNA was digested with Mbo I (according to 

the . manufacturer's recommendation). DNA fragments were 

separated by electrophoresis in a 1% agarose gel at 30V for 42 

h. The DNA was denatured by treating the gel with a 1 h NaOH 

wash followed by a 1h neutralization Tris-Cl wash. The gel 

was dried at 58C for 2 h on a vacuum drier. The probes, CAC5 

and YNZ 132, were end labeled with 32P and allowed to 

hybridize at 47C for 4-24 h depending on the activity. After 

hybridization the gels were washed for 1 h in 100 ml of 

20X-SSPE, 5 ml 10%-SDS/895 ml addH20 at room temperature. Gels 

probed with CAC5 were rinsed for 20 min using 250 ml of 

20X-SSPE, 10 ml of 10%-SDS/740 ml ddH20 at 50C. Gels probed 

with YNZ 132 were rinsed for 30 min using 200 ml of 20X-SSPE, 

5 ml of 10%-SDS/795 ml ddH20 at 55C. The gels were exposed to 

XOMAT (Kodak) film for 3-5 days at -80C. Several exposures of 
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each autoradiograph were used for analysis. 

A BASIC program, named Gendiv, that takes into 

account the DNA fragments generated by restriction 

endonucleases (Gentzbittel and Nicolas, 1989,1991) has 

generated three consensus trees from the fingerprint data. The 

three genetic trees showing the relationships among nine 

breeds of horses have been determined by the mean number of 

nucleotide substitutions per nucleotide site (Nei and Li, 

1979). - 

RESULTS: 

HYBRIDIZATION PATTERNS 

The CAC5 probe revealed many polymorphic fragments in 

equine DNA (figures 5 & 6). There were distinct bands ranging 

in size from 1 kb to 12 kb. The YNZ 132 probe revealed several 

polymorphic fragments but fragments smaller than 2kb could not 

be scored. The autoradiograph of the Thoroughbred gel probed 

with YNZ 132 was difficult to read. The center of each band 

was marked before being read on a grid of horizontal lines on 

Clear plastic. 

The banding patterns with both probes of a sire and two 

of his progeny from the same mare were consistent with 

Mendelian inheritance: all of the progeny band's were present 

in at least one of the two parents. The DNA mix and the blood 

mix of the same ten individuals were electrophoresed side by 
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side and hybridized with both probes. As in poultry (Hillel, 

et al., 1990) the banding pattern was identical in the 

position and number of bands for both types of mixes. Blood 

mixes were used because they permitted the analysis of ten 

individuals as easily as one. 

CALCULATIONS 

Both CAC5 and YNZ 132 were originally proposed for use in 

human genetics but have also been successful in other species. 

Each probe targets a different portion of the genome. CAC5 

(CACCACCACCACCAC) hybridizes with a micro-satellite, a small 

repetitive sequence, while YNZ 132 sequence 

(TGCAGGCTGTGGGTGTGATGGGTGA) hybridizes with a mini-satellite 

ranging in length from 17-40 bp (Nakamura, et al., 1987). 

The mean probability (p) that two unrelated individuals 

would have the same DNA fingerprint is estimated by combining 

the parameter x (the mean percent of band sharing) with y 

(mean number of scorable bands) as x to the y power 

(Jeffreys & Morton, 1987). CAC5 and YNZ 132 combined with Mbo 

I gave the highest probability that two unrelated individuals 

would not have the same fingerprint out of all the 

combinations tried (table 1).



Table 1. The probability that two individuals would have the 

same DNA fingerprint. 

  

      

Thoroughbred Thoroughbred Mustang Mustang 
(CACS) (YNZ) (CACS5) (YNZ) 

N 10 10 9 9 
y 22.5 11.4 25.5 23.1 
x ~37 -29 -31 -24 

-10 -7 -13 ~15 
P 1.9X10 7.0X10 1.0X10 © 4.8X10 

N = number of samples. 
y = mean number of scorable bands. 
x =mean percent of band sharing. 

The higher the proportion of bands shared by two 
individuals or breeds the closer the genetic relationship is 
between them. 

The formula used to calculate the percent of bands 
shared (Lynch, 1988) in all the following data is: 

2Nab 

Where: 
BS = band sharing between individuals/population a and b. 

Na = total number of bands in individual/population a. 
Nb = total number of bands in individual/ population b. 
Nab = number of bands shared between populations.



GENETIC SIMILARITY OF THOROUGHBREDS 

To be able to see the difference in the genetic 

relatedness between populations, individual Thoroughbreds, 

Mustangs, and related animals are compared (tables 6-11) and 

summarized in table 4. The related individuals, a sire and 

six of his offspring theoretically share 50% of their bands. 

This is due to the offspring inheriting 1/2 of their genetic 

material from their sire and 1/2 from their dam. Where in the 

range of the percent band sharing of the other two populations 

does the Thoroughbred lie? Both probes gave similar results 

(tables 6-11) which are summarized in figure 1. Percentages 

were "normalized" by the arcsine p transform prior to 

statistical calculations. The analysis of variance was 

calculated using one way ANOVA. Both probes showed a 

significant difference in the amount of bands found in common 

between the populations compared (table 2 & 3).



Table 2. Analysis of variance using one way ANOVA of the 

data derived from the probe CAC5. 

  

  

  

  

95% CI for the mean based on pooled standard deviation. 

Source DF F Pp 

Factor 2 8.11 -001 

cl (---*--) 
C2 (---*---) 
C3 (------ k--——— ) 
cee ee Kw ee ree Kem wee em eee FC ee we we ee ee Komen 

25 35 45 55           
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Table 3. Analysis of variance using one way ANOVA of the 

data derived form the probe YNZ 132. 

  

95% CI for the mean based on pooled standard deviation. 
  

Source DF F Pp 

Factor 2 11.37 -000 

cl (----*~---) 

C2 (----- *#----) 

C3 (coro toe ) 
— on ae ee oe oe Fe ce ce coe cee oe oe ee oe oe ee ce IE ee oe oe ee ee re oe J ee ee et ee eee ee ee KF ee 

20 30 40 50             
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Table 4. Percent of bands shared within the Thoroughbred, 

Mustang, and Sire & Offspring. 

  

Pop. N 

TB(CACS5) 45 
TB(YNZ) 45 

Must. (CACS5) 36 
Must. (YNZ) 36 

S&0(CAC5) 22 
S&0 (YNZ) 22   

Mean 

36.74 
28.82 

31.15 
23.93 

46.18 
44.35 

Median 

38.00 
29.00 

33.00 
25.00 

51.00 
46.48 

Min 

17 

12 

20 

Max 

71 
48 

58 
62 

66 
80 

  

Thoroughbred Must. = Mustang S & O 
The number of pairwise comparisons. 

12 

Sire & Offspring 

 



We must first assume that the Mustang is not inbred at 

all, and the parent-progeny relationship of the sire and his 

offspring theoretically share 50% of their bands. The amount 

of inbreeding in the Thoroughbred can be calculated by using 

the amount of band sharing in the Mustang as a divisor. By 

subtracting 1 the numbers can become percentages. 

CACS5 

Mustang = 31/31 -1 = 0% 

TB = 37/31 -1 = 19% 

§ & 0 = 46/31 -1 = 48% 

YNZ132 

Mustang = 24/24 -1 = 0% 

TB = 29/24 -1 = 21% 

S&O = 44/24 -1 = 83% 

The estimated relatedness among Thoroughbreds is 20% 

higher than that among Mustangs, and on the average 44% lower 

than that of the sire and offspring. The Thoroughbreds chosen 

for this study were not recently related, the two closest 

having the same grandsire. Over 80% of the Thoroughbreds gene 

pool is derived from 31 known ancestors (Gaffney & Cunningham, 

1988). Breeders have restricted the genetic diversity by 

allowing 2% of the top males to service 44% of the females 

(Cunningham, 1975). Many of these animals have had the same 
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ancestry and are therefore related. Breeders of Thoroughbreds 

may want to eliminate line breeding practices to take 

advantage of the genetic diversity of out crossing and to 

lower the amount of inbreeding in their horses. 
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Mean levels of 

band sharing 

  

1.007 

(YNZ132) (CACS) 
0.807 

0.607 

Sire & __.46 Sire & Offspring 
Offspring 44 ----------- 

0.407 

--.37 Thoroughbred 
__-31 Mustang 

Thoroughbred .29---<---<----- 
Mustang .24-----<------ 

0.207 

o.oo! 

Figure 1. The sire and offspring are close to their 

theoretical value of relatedness of 50%, while the 

Mustang exhibits the lowest amount of relatedness. The 

Thoroughbred is at a value 20 % higher than the 

Mustang. 

15



COMPARISON OF NINE BREEDS OF HORSES 

Two ml of blood sample from each of ten different animals 

of each breed were mixed and the DNA isolated. Each lane in 

the DNA fingerprint represents one breed (figure 6). Both 

probes gave similar results (table 5) in the rank order of 

percent band sharing. The National Show horse has the highest 

overall percent of band sharing with the other breeds (table 

5). This is likely due to this breed being the product of an 

Arabian/American Saddlebred cross and therefore being directly 

related to those breeds. The Thoroughbred has the least 

common overall proportional of band sharing with the other 

breeds (tables 12 & 13). This level is lower than that of the 

Belgian. Thoroughbred horses have the most bands in common 

with the American Saddlebred and second the Arabian and least 

in common with the Belgian. Morgans and Mustangs show a close 

genetic relationship (figures 2 & 3). The ranking correlation 

(Kendall's tau) (Ostle, B., 1963) of the nine breeds' genetic 

distance from both probes is .75 (mean) and .72 (median). 
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TABLE 5. Percent of bands shared between breeds. 

  

  

CAC5 

Pop N Mean Median Min Max 

NSH 8 29.25 26.00 12 57 

Arab 8 26.75 23.50 7 57 

Morg 8 26.75 26.00 12 43 

QH 8 24.88 27.00 8 39 

SB 8 21.75 21.50 11 32 

Must 8 20.63 16.50 10 43 

StB 8 19.50 20.00 7 33 

Belg 8 18.75 17.00 3 33 

TB 8 13.75 12.00 3 32 

YNZ 132 

Pop N Mean Median Min Max 

NSH 8 39.12 34.00 22 87 

Arab 8 36.63 33.50 13 87 

Morg 8 28.87 29.50 11 48 

QH 8 32.25 35.50 11 41 

SB 8 28.87 31.00 13 41 

Must 8 29.75 26,50 6 48 

StB 8 27.38 28.00 17 39 

Belg 8 27.38 31.00 7 41 

TB 8 22.13 19.50 6 45     
  

Pop = sample. 
N = the number of breeds the population is being 

compared with. 
Mean = Mean percent band sharing to the other breeds. 
Median = The mid point of the percent of bands shared.. 
Min = the minimum number of bands shared (pairwise). 
Max = the maximum number of bands shared (pairwise). 
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Consensus trees have been derived from blood typing 

studies and pedigrees. Consensus trees using the data from 

DNA fingerprinting allow us to visualize the selection 

practices horsemen have applied to their animals to create 

these breeds. The results from two probes are given 

separately in figures 2 and 3. The data was then combined 

(figure 4) to give the converged tree, which shows the broader 

evolving genome instead of the separate portions. 
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Arab NSH  QH Norg Must SIH Bel 3B TB 

a 07 .09 2 1] | 1S Law| 

    

        

      

Figure 2. The consensus tree derived by Gendiv from the 

breed mix data using CAC5 as the probe. 
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Arab NSH = fB STB 58 QH Morg ust Belg 

+0 c 09 06 08 05 06 

  

          
  

          

      

Figure 3. The consensus tree derived by Gendiv from the 

breed mix data using YNZ 132 as the probe. 
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Arab NSH QH org Must StB Belg SB TB 

04):09) 11 | | 1 ll A? | 

  

        

      

Figure 4. The consensus tree derived by Gendiv from the 

combined probe breed mix data. 
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DISCUSSION 

The comparison of the three groups, Thoroughbreds, 

Mustangs and a sire and his offspring, give some conception of 

the genetic relationships among these animals. The 

Thoroughbred consistently shows a higher degree of homogeneity 

in this study as well as others (Ellegren et al., 1992) 

(Antczac et al., 1986) (McGuire & Weitkamp, 1980). The 

estimated relatedness of 20% for this population is 

significant enough to be contributing to the low production 

rates and lagging Timeform Handicap ratings (Gaffney & 

Cunningham, 1988). A further study of the individuals of the 

other breeds may prove interesting. Questions that may be 

answered are; do Thoroughbreds exhibit the greatest amount of 

genetic similarity between individuals when compared to the 

other breeds? Do narrow selection regimes play a bigger part 

in genetic similarities than low population numbers? How does 

the length of time under selection pressures contribute to 

genetic similarity? DNA fingerprinting using blood mixes 

proved to be a more efficient method than DNA mixes in 

characterizing populations. Blood mixes make it possible to 

compare many populations on one gel, therefore increasing the 

accuracy of the comparison. Those with a broad selection 

regime have not diverged to the extent shown by those with 

narrow regimes. The low number of bands found in common 

between the Thoroughbreds and the eight other breeds 
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demonstrates how selection practices can change a population 

at the genotypic level. One would have expected the Belgian 

breed to be the most genetically distant from the other breeds 

due to its ancestry and the severe reduction in numbers since 

the introduction of the internal combustion engine (Osborne, 

1975). Morgans and Mustangs have undergone a broad selection 

regime and are surrounded by (fig. 4) the other breeds. 

Thoroughbreds and Saddlebreds share the results of high 

intensity selection, at least with CAC5 (figure 2). These 

breeds are the farthest from the median of the consensus tree. 

The National Show Horse derived from an Arabian/ American 

Saddlebred cross shows a higher percentage of bands shared 

with the Arabian than with American Saddlebred. The Arabian 

influence in the National Show Horse is easily determined, 

while the American Saddlebred's influence is not (tables 12, 

13 & 14). More work should be done to make certain that this 

phenomenon is not due to sampling error. 

Homogeneity seems to correlate with the number of bands 

in the breed mix CAC5 banding pattern. Surprisingly the more 

bands, the more homogeneity. The National Show Horse with 22 

bands has the lowest total number of bands while the Belgian 

with 28 bands has the highest and the Thoroughbred with 27 

bands having the second highest. The number of bands per lane 

is dependent upon restriction sites. This phenomenon too 

awaits an explanation. 
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The UPGMA consensus trees are ambiguous (figures 2 & 3) 

perhaps because the different sequences detected by the two 

probes are linked to different genes with different phenotypic 

effects, and therefore subject to different selection regimes 

and/or intensities. The converged UPGMA consensus tree is the 

same as the UPGMA CAC5 consensus tree in the order and similar 

in the degree of the genetic relationships. As more probes 

become available the converged tree is likely to change 

slightly. 

The horses in tables 10 & 11 consists of an Arabian 

sire (101) and six of his offspring. The offspring are either 

Arabian or National Show Horses. A Saddlebred mare (104)is 

the dam of two of the offspring but is otherwise unrelated to 

the rest of the horses. She was used only for the 

confirmation of Mendelian inheritance. 
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Table 6. Summary of the data obtained from the 

autoradiograph of Thoroughbred horses using CAC5 

as a probe. 

THOROUGHBRED 

CAC5 

Individual 
animals 1/2/!314j;,5 1617! 8191 10 

1 #21! 19! 38! 31! 66! 24! 26! 42! 38! 40 

2 | 4!21! 17! 40! 30! 29! 35! 25! 23! 40 
3 | 9! 41826! 52! 45! 47! 48! 34! 38! 40 
a | 7! 9! 13/24! 43! 27! 33] 24! 40! 62 
5 | 13! 6! 10! off18! 36! 38! 41! 51! 38 
6 | 5! 6! 12! 6! 7!820! 50! 30} 53} 32 
7 6! 8! 12! 8! 8} 11!824! 32] 57! 37 
s | 10; 6! 9! 6! 9! 7! s8!26! 46! 44 
9} a! 5s! of 9! 10! 11! 13! 11/821! 72 
10] 9! 8} 10} 15! 8} 7} 9} a2} 16/324 

Overall Mean Percent = 36.74     
  

The diagonal 
Above the diagonal = 

Below the diagonal = 

= the number of bands per individual. 
the percent of band sharing between 
individuals. 
the number of bands shared between 

individuals. 
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Table 7. Summary of the data obtained from the 

autoradiograph of Thoroughbred horses using YNZ 

132 as a probe. 

  

  

  

THOROUGHBRED 

YNZ 132 

Individual 
animals 1} 2} 3! 4] s! 6} 7! ws} 9! 10} 
  

2 8!#20! 43! 31! 25! 29! 21! 32! 24! 21 

3 9! 10!#26! 43! 26! 20! 41] 41! 17! 28 

4 6! 7} 11/825! 38! 10! 42! 25! 26! 28 

      
Overall Mean Percent = 28.82 
  

The number of bands per individual. 
The percent of band sharing between 
individuals. 
The number of bands shared between 
individuals. 

The diagonal 
Above the diagonal 

Below the diagonal 

26 

 



TABLE 8. Summary of the data obtained from the 

autoradiograph of Mustang horses using CAC5 

as a probe. 

  

  

MUSTANG 

CAC5 

Individual 
animals 641 65! 68! 71} 72} 74] 76! 77! 78! 
  

64 #25! 36! 39! 42! 44! 28! 36! 312!-31 

74 7| 9! 15! 10! 12/325! 40! 43! 32 

76 9! 31 5} 7} 9} 10/824! 27! 47 
77 | 8! 7! 5{ 10} 8! 11! 7126! 30 
78 | 7} af 3} 5} 8} 7] 4} 7/820       

Mean Overall Percent = 31.15     
  

The diagonal = The number of bands per individual. 
Above the diagonal = The percent band sharing between 

individuals. 
Below the diagonal = The number of bands shared 

between individuals. 
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TABLE 9. Summary of the data obtained from the 

autoradiograph of Mustang horses using YNZ 

132 as a probe. 

  

  

  

MUSTANG 

YNZ 132 

Individual 
animals | 64! 65! 67! 71! 72! 74! 76! 77! 78 

64 (#18! 43! 33! 5! 15! 18! 14! 15! 10 

65 | 9/23! 33! 17! 20! 39! 16! 26! 21 
67 | 7{ slf25} 34! 35! 34! 25! 21! 17 
71 | 1{ 4} 8/822! 62! 35! 17! 32! 32 
72 | 3! 5! 9! 15/826! 25! 28! 34! 22 
74 | 4! 10! 9! 9! 7/820! 15! 31! 24 
76) 3! 4! 6! 4! 7! 41823! ao! a3 
77] 3! 6! 5! 7! 8! s! 9lfai! a2 
78 | 2} 5} 4! 7! 5! 6! 3! 9f8aa       

Overall Mean Percent = 23.93     
  

The diagonal = The number of bands per individual. 
Above the diagonal = The percent of band sharing 

between individuals. 
Below the diagonal = The number of bands shared 

between individuals. 
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TABLE 10. Summary of the data obtained from the 

autoradiograph of the sire and his offspring 

using CAC5 as a probe. 

  

SIRE & OFFSPRING 

  

CAC5 

0 Oo O S Oo O M oO 

Individual 
animals 97! 96! 99!101!102!103!104!105! 
  

      
Overall Mean Percent S & O = 46.18 

S = Sire O = Offspring M =     
  

The diagonal = The number of bands per individual. 
Above the diagonal = The percent of band sharing 

between individuals. 
Below the diagonal = The number of bands shared between 

individuals. 
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TABLE 11. Summary of the data obtained from the 

autoradiograph of the sire and his offspring 

using YNZ 132 as a probe. 

  

SIRE & OFFSPRING 

  

YNZ 132 

O 0 0 S O 0 M oO 
Individual 
animals 97! 96! 99}101}102/103!/104!105] 
  

      
Overall Mean Percent S & 0 = 46.18 

S = Sire O = Offspring M = Mare     
  

The diagonal = The number of bands per individual. 
Above the diagonal = The percent of band sharing between 

individuals. 
Below the diagonal = The number of bands shared between 

individuals. 
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TABLE 12. Summary of the data obtained from the 

autoradiograph of the breeds using CACS5 

as a probe (figure 8). 

  

% BAND SHARING BETWEEN BREEDS 

  

10 animals 

CACS5 

2;27;4171315;78 194 6 | 
  

per mix 

NSH 2 

Arab 1 
Morg 4 
Oo U7 
SB 3 
Must 5 
Sth 8 
Belg 9 
TOG           
  

The diagonal = the number of bands per mix. 
NSH = National Show Horse, Arab = Arabian, Morg = 
Morgan, QH = Quarter Horse, SB = Saddlebred, Must 
Mustang, StB = Standardbred, Belg = Belgian, TB = 

Thoroughbred. 
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TABLE 13. Summary of the data obtained from the 

autoradiograph of the breeds using YNZ 

132 as a probe. 

  

% BAND SHARING BETWEEN BREEDS 

  

10 animals 

per mix 

NSH 2 

Arab 1 
Morg 4 
On 
SB 3 
Must 5 
StB 8 
Belg 9 
"6   

YNZ 132 

  

        
  

The diagonal = the number of bands per mix. 
NSH = National Show Horse, Arab = Arabian, Morg = 
Morgan, QH = Quarter Horse, SB = Saddlebred. Must 
Mustang, StB = Standardbred, Belg = Belgian, TB = 

Thoroughbred. 
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TABLE 14. Direct numbers from the autoradiographs 

of the breeds using both probes. 
  

  

  

  

  

  

    
  

    
  

    
    

      

  

    

      

  

BANDS SHARED BETWEEN BREEDS | 

10 Animals 
|per mix 2/1}4]7/]3/5 |a{t[9fe6 

NSH 2 fi\22/ 13,6 {9,5 ]6 {5 {s8{3 
\ 

15\ 

Arab 1 \23} 8 | 7/5 4,6]5 |] 215 

“i217 
Morg 4 | |\23]) 8] 6] 10] 4/61] 3 

a] 8 [2a 
QH 7 \24, 6 | 5 | 6 | 8 | 2 

e171 8 |20\ 
SB 3 \23/ 4|5 [3 [8 

S121317 {1a} 
Must 5 \23, 4 [3 | 4 

7/4]o [5 ] 4 1e\ OO 

StB 8 \26} 9 | 2 

4/7[{[6|/[a8s|5 [4 an\ — 

Belg 9 \28 1 

5/3 /6/s{}{5 | 6]|3 rN 

TB 6 \27 
\ 

S{7{,/2j,;2],5 {121 ]5 |] 21 4[214\       
      
  

The diagonal = The number of bands per mix. 
Above the diagonal = The number of bands shared 

: between mixes using CAC5 
The number of bands shared 
between mixes using YNZ 132 

Below the diagonal 

NSH = National Show Horse, Arab = Arabian, Morg = 
Morgan, QH = Quarter Horse, SB = Saddlebred, 
Must = Mustang, StB = Standardbred, Belg = Belgian 
TB = Thoroughbred. 
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Figure 5. The autoradiograph of Thoroughbreds using CAC5 as 

the probe. 
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Figure 6. The autoradiograph of breeds using CAC5 as the 

probe. 
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