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Table 2.19: Inbreeding coefficients (F-statistics) for the six goat populations, indicating the inbreeding coefficients
within the populations (Fis) and between the populations (Fst)

Population Fis Fst values
A BB D J S G

Groblersdal (A) -0.053
SA Boer Goat (BB) | 0.054 | 0.146

Delftzyl (D) 0.099 | 0.023 0.174
Fort Hare (J) 0.078 | 0.094 0.155 0.040
Savanna (S) 0.066 | 0.099 0.179 0.078 0.138

Kalahari Red (G) 0.023 | 0.223 0.298 0.183 0.234 0.230

Table 2.20: AMOVA performed on the goat dataset.

Population A BB D J S G

n 30 30 29 30 29 39

Sum of squares | 182.20 182.73 207.31 236.30 217.55 250.62

within the popu-

lation

Summary

Source df SS MS Estimated % Stat Value Prob
variance

Among popula- | 5 499.22 99.86 2.99 30%

tions

Within popula- | 181 1276.71  7.05 7.05 70% Phi PT 0.297 0.010

tions

in Fig. 2.9. The first three factors represented 70.90% of the variation within the goat population dataset.

AMOVA performed on the dataset (Table 2.20) indicated that 70% (p value = 0.010) of the variance
that occurred within the dataset, occurred within populations. Between population variance contributed

to 30% of the variance that occurred within the dataset.

Cluster analysis was also performed on the goat dataset, assigning the individuals to six different
populations, including information regarding the population of origin. The results are presented in
Table 2.21.To test for sub-populations in the population, STRUCTURE was run 100 times for 50 000
steps after a burn in period of 50 000 steps for each of the values of K from 2 to 10. The returned
estimation of K resulted in the probability of K=7 being ~0.9302, while the probability of K=8 being

~0.3698, while the other probabilities essentially being zero (Table 2.22).

The individuals within the dataset were then clustered into seven clusters, thus resulted in the
assignment of individuals to the seven different population, as presented in Table 2.23. The results
of re-clustering the data into seven clusters indicated no real sub-clustering, with only a few animals

clustering together into the newly formed cluster (cluster 4).

An assignment test of the individuals were performed, using a distance based method (Nei‘s standard
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Figure 2.9: Factorial correspondence analysis performed on the individuals of the goat population.

Table 2.21: The number of individuals assigned to the six sampled goat populations, clustering included infor-
mation regarding the populations of origin of the individuals

Number of individuals assigned to each population
Population 1 2 3 4 5 6
Groblersdal (A) 29 0 0 0 0 0
SA Boer Goat (BB) 0 29 1 1 0 0
Delftzyl (D) 0 0 29 0 0 0
Fort Hare (J) 0 1 0 29 0 0
Savanna, (S) 0 0 0 0 29 0
Kalahari Red (G) 0 0 0 0 0 39

Table 2.22: Estimating K for the dataset containing 100 different runs for each of the probable values of K from
2 to 10

K = | Ave In Pr (K|X) of 100 runs Pr (K|X)
2 -5415.64 -0
3 -5136.93 0
4 -4955.94 T 0
5 -4825.45 0
6 -4880.77 "0
7 -4779.03 ~0.9302
8 -4781.62 ~ 0.0698
9 -4821.29 -0
10 -4969.12 -0
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Table 2.23: The number of individuals from the six goat populations assigned to each of the clusters

inferred K (K=7)

Population 1 2 3 4 5 6 7
Groblersdal (A) 2r 0 0 0 0 1 1
SA Boer Goat (BB) | 1 20 2 3 0 2 2
Delftzyl (D) 12 21 3 1 1 O
Fort Hare (J) 0 0 1 0 37 1 0
Savanna, (S) 1 1 0 1 0 26 1
Kalahari Red (G) 1 2 7 0 0 1 25

33

of the

distance) to assign individuals to specific populations based on the genetic relationship between the

individual and the population. From a total of 187 individuals available in the dataset, a success rate of

95.2% was obtained, correctly assigning 178 individual to their population of origin. The likelihood of

the individual assigned to a specific population was then calculated and was compared to the likelihood

that individuals were wrongly assigned. The results obtained were separated into two sets of data, corre-

sponding to individuals sampled from the same population, and individuals from the other populations

(Table 2.24 and Fig. 2.10).

Table 2.24: The comparison of the average -log likelihood, with standard deviations (SD), than a individual
assigned to a specific population belongs to that population in comparison to the individuals not assigned to that

specific population

Individual sampled | -log likelihood aver- SD | Individual sampled -log likelihood aver-  SD
age to belong age to belong
Groblersdal (A) 6.9 2.79 | Non A 18.68 5.19
SA Boer Goat (BB) | 6.09 1.7 | Non BB 14.7 7.96
Delftzyl (D) 9.27 2.03 | Non D 17.89 8.27
Fort Hare (J) 9.84 2.01 | Non J 18.74 9.22
Savanna (S) 7.5 1.27 | Non S 16.5 7.74
Kalahari Red (G) 9.29 2.04 | Non G 23.21 9.71

2.3.3. Swine data

Cluster analysis was performed on the swine dataset in an attempt to infer some population structure

within the dataset. STRUCTURE was run 100 times for 50 000 steps. An estimation of K resulted in the

probability of K=8 being ~1.00, with the probability of K being any other number of clusters essentially

being zero. (Table 2.25).
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Figure 2.10: A comparrison between the assignment criteria of the -logarithm likelihood values between individ-

uals assigned to specific populations compared to individuals not assigned to the specified population
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Table 2.25: Estimating K for the swine dataset containing 100 different runs for each of the probable values of
K from 2 to 10.

Ave In Pr(K|X) of 100 runs Pr (K|X)
-7563.57 0

-7050.44 0

-6777.79 0

-6612.47 0
0

0

1

0

0

-6349.11
-6358.00
-6132.52
-6268.34
-6341.33

S ©owo ok whfR

Individuals within the swine dataset was then clustered into the indicated eigth clusters, assigning
the 166 individuals to eight clusters (Table 2.26) The results indicate that most of the animals clustered

into six clusters, with only six and nine individuals clustering into clusters two and seven repectively.

Table 2.26: The number of individuals from the pig population assigned to each of the clusters of the inferred K
(K=8) .

Population | Number of individuals
Population 1 24
Population 2 9
Population 3 29
Population 4 33
Population 5 27
Population 6 13
Population 7 6
Population 8 25

2.4. Discussion

2.4.1. Chicken data

A relatively high level of polymorphism within the chicken lines were reflected by the high average
number of distinct alleles observed in the dataset. An average of 8.7 distinct alleles for the eighteen
microsatellite markers observed in this study is comparable with the average number of alleles observed
in biodiversity studies in chickens. In a study with 22 markers in 52 populations an average of 9.6 distinct
alleles were observed (Hillel et al., 2003). Rosenberg et al., (2001a) reported an average of 12.0 distinct
alleles in a study with 27 markers in 20 chicken populations. Seventeen of the eighteen microsatellite
markers used in this study, were used in the previously mentioned studies, with marker MCW294 not
tested in any of the other two studies, and marker LEI194 not included in the study by Hillel et al.,
(2003). Both studies of Hillel and Rosenberg have a large number of markers in common with the

present study and similar statistical analysis were performed on the datasets. The comparison of the
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Table 2.27: Comparison of the distinct number of allese of the common microsatellite markers found in this study
with the studies of Hillel et al. (2003) and Rosenberg et al. (2001) (excluding marker MCW294).

Number of distinct alleleles
Microsatellite marker | This study Hillel et al. (2003) Rosenberg et al. (2001)

ADL268 15 10 7
LEI194 14 Not used 15
MCWO034 9 16 18
MCWO037 10 5 4
MCWO067 13 6 6
MCWO069 16 12 9
MCWO078 16 7 8
MCWO081 11 12 9
MCWO098 6 4 3
MCW103 8 7 2
MCW111 12 9 11
MCW183 17 16 11
MCW216 10 6 6
MCW248 12 5 14
MCW284 5 10 4
MCW295 11 9 9
MCW330 12 10 14
Average 11.6 9.0 8.8

number of distinct alleles between the studies (Table 2.27) serves no further purpose than to indicate
that a sufficiently large sample size was genotyped and genetic variation captured to be able to calculate

sensible genetic parameters, and to perform cluster analysis on the dataset.

The Naked Neck and Ovambo lines showed the highest gene diversities (0.65 and 0.62) of the six
chicken lines. The high values of genetic diversity of the Naked Neck line were expected, partly because
classification of chickens into this line is mainly based on the presence of the incompletely dominant NA
gene, which is linked to the erythrocyte antigen CPPP (Pitel et al., 2000). No specific breed standards
have been specified for the Naked Neck chickens in South Africa, and this loose classification of the Naked
Neck chickens allows for individuals from a wide variety of chicken breeds to be classified into this breed,
increasing the heterozygosity values. The gene diversities of the Lebowa-Venda, the New Hampshire and
Black Australorp lines were very similar (0.5380, 0.5311, 0.5473), while the diversities of the Potchef-
stroom Koekoek line was the lowest. The gene diversities for the chicken lines were lower than the gene
diversities measured by microsatellite markers in other species. For example, in the human population
the average heterozygosity ranges between 0.70 and 0.80 (Bowcock et al., 1994), in cattle 0.60 (De
Gortari et al., 1997), in swine 0.68 (Groenen et al., 1995) and in fish 0.86 (Garcia de Leon et al., 1995).
Comparisons of gene diversities between species are difficult to interpret, but the lower gene diversities
found in some of the chicken populations emphasizes the importance of conserving genetic gene pools of
chickens. However, the higher gene diversity values of the three indigenous populations (Naked Neck,

Ovambo and Lebowa-Venda) when compared to the three commercialized populations (New-Hampshire,
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Table 2.28: Ranking the microsatellites in descending order of the distinct number of alleles observed.

Microsatellite marker | Number of ob- Genetic diversity Allelic richness PIC content
served distinct
alleles

MCW183 17 0.70 2.98 0.7072
ADL268 15 0.73 3.39 0.7921
LEI194 15 0.54 2.55 0.6451
MCW069 13 0.71 3.30 0.7828
MCWO067 13 0.66 3.14 0.7285
MCW111 12 0.59 2.89 0.7111
MCW248 12 0.41 2.02 0.3927
MCW330 12 0.58 2.73 0.6943
MCWO081 11 0.75 3.55 0.8402
MCW295 11 0.50 2.39 0.5334
MCW216 10 0.60 3.07 0.8531
MCWO037 10 0.59 2.73 0.3663
MCWQ78 9 0.66 3.26 0.8084
MCW034 9 0.65 2.99 0.6718
MCW103 8 0.70 3.17 0.7387
MCW098 6 0.75 3.50 0.7366
MCW294 5 0.60 2.93 0.7848
MCW284 5 0.36 2.01 0.5472

Koekoek and Black Australorp) is a good indication of the large base of genetic variability still available
in the indigenous chicken populations in South Africa. The mean number of alleles in each population

is also highly correlated (r=0.9238, p-value=0.002) with the unbiased expected heterozygosities.

A neighbour joining tree of the genetic distances between the six chicken lines is presented in Fig.
2.3. The lines are clustered into two distinct clades, one consisting of the Potchefstroom Koekoek, Black
Australorp and Ovambo lines, and the other clade consisting of the Lebowa-Venda, Naked Neck and New
Hampshire lines. The two lines with the smallest genetic distance between them was the New Hampshire
and Naked Neck lines. The grouping of lines into two distinct clades does not indicate a great genetic
distance between the two clades, this is supported by the fact that the two lines with the second smallest
genetic distance between them occurred within two different clades (Lebowa-Venda and Ovambo lines).
The New Hampshire and Potchefstroom Koekoek lines showed the largest genetic distance between two
lines compared to the other chicken lines. The genetic identity measures presented above the diagonal
of Table 2.10 is another measure of inferring the genetic likeliness between the lines. The lines which
shared the most genetic identity between them (New Hampshire and Naked Neck) were also the lines

with the smallest genetic distance between them and vice versa.
A calculation of the coefficients of inbreeding within the lines (Table 2.11) indicate that the line which

showed the highest level of inbreeding was the Australorp line. This is not surprising, as the Australorp is

a commercialized breed, subjected to years of artificial selection which is most probably the cause of the
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higher inbreeding values (Fis=0.17). The Australorp breed is also concerned to be a closed population,
with relatively little genteic material from other breeds contributing to the breed. The rest of the lines
all showed relatively high inbreeding coefficients, which indicates that attention should be paid to the
structures of these populations in order to reduce the occurrance of further inbreeding. This is an
important aspect to consider for the conservation of these populations. The genetic differentiation values
(Fst values, Table 2.11) and the genetic distance values indiated a high correlation ( r = 0.959, p-value

= 0) with essentially the same genetic structure that was observed with the genetic distances (Table 2.10).

Individuals were assigned to different clusters based on the -logarithm of the likelihood that the
sampled individual belong to the specified cluster. The clusters with the greatest uniformity based on
the log likelihood values was the Black Australorp (8.53 + 3.51), the Lebowa-Venda (8.59 + 5.23) and
the Potchefstroom Koekoek lines (8.64 + 3.13). The lines showing the least uniformity was the Naked
Neck (11.18 +4.31) and Ovambo lines (10.60 + 5.40). This calculation of uniformity corresponds well
with the gene diversity values calculated, ordening the lines in the same order of diversity. Comparisons
of the distributions of assignment criteria (Figure 2.6) provides an insight into the divergence between
a particular line and the other lines. This indicated that the Black Australorp line, the Potcheftroom
Koekoek and Lebowa-Venda lines showed the most divergence when compared to the rest of the sampled

chicken lines.

2.4.2. Goat data

The microsattellite markers tested in the goat populations were found to be highly polymorphic
ranging from seven to fourteen with an average of 10.8 observed for all six populations sampled. This
compared well with studies evaluating genetic variation and diversity in Spanish sheep where the average
number of distinct alleles of 8.3 with 18 microsatellite markers was observed (Arranz et al., 2001) and 7.6
with six microsatellite markers tested in nine populations of Italian goats (lamartino et al., 2005). The
microsatellite markers tested were aranged in descending order of the distinct number of allleles observed,
and Pearson‘s correlation coefficients between the distinct number of alleles and the gene diversity (r
= 0.57, p=0.08), and PIC values (r=0.48, p=0.154) were also calculated. The correlations calculated
are not as strong between the different parameters, possibly due to the smaller number of microsatellite

markers and smaller population sizes available for the analyses.
Genetic diversity measures (unbiased Hz) indicated that the most diverse population was the Delftzyl

population, followed closely by the other two indigenous populations, the Fort Hare and Groblersdal

populations. The SA Boer Goat population showed the lowest diversity in this study, together with the
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Table 2.29: Ranking the goat microsatellite markers in descending order of the distinct number of alleles observed

Marker name Distinct number of Gene diversity* PIC valuesx
alleles observed
MCM527 14 0.74 0.86
SrCrsP8 14 0.68 0.79
SrCrsP23 12 0.71 0.76
INRAO023 12 0.68 0.84
SrCrsP24 11 0.62 0.68
CsRd247 10 0.52 0.53
OarFcb20 10 0.68 0.8
SrCrsP5 10 0.63 0.76
ILStS087 8 0.39 0.60
BM1329 7 0.67 0.77

Kalahari Red and Savanna populations. This can be expected as the commercial populations have been
subjected to several years of selection for specific population traits, while virtually no selection has been

performed on the ither indigenous populations.

Genetic distances indicated that a close genetic relationship existed between the Groblersdal and
most of the other populations, with the Kalahari Red population showing the least genetic similarities.
The Kalahari Red population did not show any form of genetic similarity with the other populations
studied, and can generally be accepted as the most geneticaly distant population in the study. The other
population indicating a reasonable genetic distance from the indigenous populations was the SA Boer
goat population with the Deltzyl population, and the Savanna and Fort Hare populations. This can
once again be attributed to the amount of selection pressure applied to the different populations forcing
the diversity of populations. A phylogenetic tree of the genetic distances between the populations is

presented in Fig. 2.8.

Inbreeding statistics indicated that very low levels of inbreeding occurred within the populations
sampled. This is a good indication of well structured management being in place for the conservation of
the natural biodiversity within these populations. The genetic differentiation observed reflected the same
situation as the the genetic distance measures, with moderate to small differentiation occurring between
the indigenous populations, and greater differentiation observed with the commercial populations. This
also verified that the most differentiation was observed between the Kalahari Red population and the

indigenous populations.

The assignment of individuals to different populations based on the -logarithm likelihood values
calculated for belonging to that population revealed that the most uniform population was the SA Boer
Goat population (6.09+1.7), followed by the Groblersdal (6.942.19) and Savanna populations (7.5+1.27).
The Fort Hare (9.84+2.01), Kalahari Red (9.29 + 2.04) and Delftzyl (9.27 + 2.04) populations indicated
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the least uniformity. This corresponds well with the gene diversity measures calculated previously. A
comparison between the distributions of the assignment criteria (Figure 2.10) showed that the Kalahari
Red population showed the most divergence from the other sampled populations, with most of the other
populations also indicating some form of divergence. This corresponds extremely well with the Fgp

values calculated between the populations.

2.4.3. Swine data

The cluster analysis performed on the swine dataset, which contained no information on the popu-
lation structure, revealed that there were eight clusters present in the population dataset. Assignment
of the individuals into the proposed eight populations showed that a fair proportion of the animals
were assigned to six populations, with only six and nine animals assigned to the other two populations
respectively. The possibillity that the true population actually consisted out of eight clusters can however
not be ignored, as cluster analysis performed on the other datasets was resonably accurate when prior
information about the origin of the individuals were not considered. More animals however need to be

genotyped for a significant discussion and conclusion regarding the structure of the specific population.

2.5. Conclusion

Microsatellite markers have been used extensively in describing the genetic variation and differenti-
ation of farm animal species (Iamartino et al., 2005; Hillel et al., 2003; Arranz et al., 2001; Rosenburg
et al., 2001; Bowcock et al., 1995). Results obtained by analysing different datasets for various diversity
and genetic variation parameters indicated that correlations existed between the different parameters.
This merits further investigations into the possibillity to make assumptions of populations structures

and diversity attributes based on parameters from a single calculated diversity parameter.

Cluster analysis performed on the different datasets proved to be accurate in identifying the amount
of sub-clusters present in the populations. With the exceptions of only a few animals, mostly animals
with presumeably little genetic information were correctly assigned and identified by the cluster analysis
procedures. This can be used to infer unknown population structures from datasets where little or

nothing is known concerning the structure of the populations, as shown with the swine dataset.
Using assignment methodologies, the reassignment of individuals to their population of origin was

very accurate. The probabillity of assigning individuals to their population of origin compared to as-

signing individuals not originating in that population revealed that this can be a usefull tool to identify
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uniformity within population, and also divergence from other populations.

The use of statistical methods to describe the diversity within populations and the divergance that
occurs between populations is a powerful tool in assessing the management of populations, especially
populations of limited size. The genetic variabillity that occurs naturally within indigenous populations
forms an important source of genetic variabillity, which can be introduced to commercial breeds. This
natural variation needs to be protected and managed, in such a fashion that important genes, especially
disease resistant genes and genes of economical value can be identified within these populations and

incorporated into selection strategies of commercial breeds.
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Chapter 3
Angoradb: A biological databank for QTL research

3.1. Introduction

QTL mapping experiments rely heavily on the sound design of the experiment, and the choice of
individuals sampled for genotyping. Efficient data storage practices, where genotypic information and
phenotypic information can be stored together in an integrated format, form the basis of any QTL
experiment. To address the data storage needs of the QTL project on fine hair traits of Angora goats in
South Africa, currently underway at the Department of Animal and Wildlife Sciences at the University
of Pretoria, a database needed to be constructed where phenotypic and genotypic information could be
stored. The requirements set for the database included easy access to the database, preferably through
a web-browser, with restrictions of access to the database based on user permissions. The initial phase
did not require the restriction of users to certain actions, as only a very limited number of users were
created. Easy data upload, possibly supporting batch uploads of entries into the database from popular
spreadsheet software packages, also were required. The option of exporting queries made on the database
as comma-delimited text files for the import back into various software packages for further analyses of

the data was also required. User-friendliness and access control were identified as high priorities.

The detection of QTLs in commercial animal populations have recently been receiving a great amount
of attention. QTLs have been detected in a number of farm animals, for example meat and carcass quality
in pigs (Ciobanu et al., 2004; Thomsen et al., 2004; Milan et al., 2002; Ovilo et al., 2002; De Koning et
al., 2001), carcass traits in beef cattle (Li et al., 2004; Cases et al., 2003; Machado et al., 2003; Moore
et al., 2003), carcass quality in chickens (Ikeobi et al., 2002), and even for health traits in dairy cattle
(Holmberg & Andersson-Eklund, 2004; Shulman et al., 2003). Even traits which would not traditionally
be classified as economically important, for example behavioral traits (Desautes et al., 2002) have

recently been investigated.

Goats, including Angoras, in general are poorly researched in comparison to sheep and cattle with

regard to various physiological and genetic traits underlying physiological mechanisms which are not
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well understood and defined. Due to the fact that Angora goats must grow, reproduce and produce
high quality mohair under extensive production systems, several aspects must be considered for genetic
progress of the breed. Current QTL research in Angora goats includes the study of QTL affecting a
range of growth traits and body measurements in Argentina (Marrube et al., 2004). This study has
identified some possible loci of significance, but only preliminary results have been reported as yet. Traits
investigated included weaning weight, body composition, thorax depth, head length, shin circumference,
thoracic perimeter and body length. Work is continuing to further understand the practical significance
of the identified QTLs (Marrube et al., 2004). The databank designed for the South African project,

where similar markers will be investigated, will place emphasis on different mohair traits.

In this chapter the database designed for primarily the data-collection phase of the study, which
allowed for for the storage of genotypic and phenotypic data of the animals genotyped in the Angora fine
hair QTL study will be described.

3.1.1. Quantitative Trait Loci

Most of the economically important traits in farm animals are controlled by a vast number of genes,
each having a particularly small effect on the trait. Some loci, called quantitative trait loci (QTL), have
larger effects on the expression of a trait in comparison to other loci or genes; these are the polygenes
or background genes (Tamarin, 1999). By definition a Quantitative Trait Locus (QTL) is a segment
of DNA that has an effect on a quantitative trait (Weller, 2001). The basic principle of mapping,
or identifying QTL, is to associate the measurable genetic variation with the phenotypic variation that
occurs within a family, or pedigree of animals. This implies that QTL mapping follows a linkage-analyses
approach (Dekkers & Hospital, 2002). QTL mapping is usually done within families or breeding lines
of individuals, but can also be applied on a population-wide level, when using linkage disequilibrium or

population wide associations between genetic variants and QTL (Beuzen et al., 2000).

The use of molecular marker technology enables scientists to track the inheritance of genes in a
population from parents to offspring, which generally follows two different linkage patterns (Andersson,
2001). The first linkage pattern occurs when molecular markers are associated directly with a certain
QTL, and usually exists when the marker focuses on the polymorphisms which occur within the gene
that affects the trait of interest (Dekkers & Hospital, 2002). Such a direct association is very convenient,
as the information about the genotype of the markers is directly informative about the genotype of the
QTL. Only a few genetic markers are known to be linked directly to economically important traits, for
example the halothane gene in pigs (Lundstrom et al., 1996), double muscling in beef cattle (McPherron

& Lee, 1997), caliphyge gene in sheep (Cockett et al., 1994), and the estrogen receptor gene in pigs
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(Rothschild et al., 1996).

The second linkage pattern emerges when the molecular marker monitored is located close to the gene
of interest, but is not a mutation of the gene investigated. The use of these indirectly-linked markers in
the mapping of QTL depends on the linkage that exists between the marker and the QTL. The theory
behind linkage is illustrated in Fig. 3.1, where a marker genotype (M or m) is linked to a QTL (Q or
g). A change in the linkage phase due to recombination can occur between M and @, and m can then
be linked to @ in the progeny. This change in phase is the reason why linkage must be evaluated in the
family in which linkage disequilibrium will be used (Andersson, 2001). If a QTL is linked to a marker,
they will tend to segregate together. Within the progeny of an individual which is heterozygous for both
the marker and the linked QTL, one marker allele will tend to be associated with one QTL allele and
a difference between the mean phenotype of the offspring inheriting one marker allele compared to the
other is expected to be observed. Thus if a phenotypic effect can be associated with the marker allele, it
can be inferred that a QTL affecting the trait is linked to the marker. The strength of the marker-QTL
association depends on the recombination frequency between the marker and the QTL (Beuzen et al.,

2000).

Parents: Q

Progeny:
Q a q q q a Q q
M m m m M m m m
Probabillities: 90% 10%

Figure 3.1: Changes in linkage phase between a marker (m or M) and a QTL (g or Q).
The recombination rate of 10%, which is a factor of the closeness of the marker to the QTL, determines the
frequency of marker m joining allele ) and vice versa (Beuzen et al., 2000).

Distances between loci on genetic maps are measured in centi-Morgans (¢cM) where one ¢cM distance
between chromosomic sites is the equivalent of a 1% probability of recombination between them (Weller,
2001). However, when two loci are not very closely linked, not all of the recombinations between them will

be detected. In the event of double recombination between two loci, the original linkage will be observed.
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Morgan proposed the first mapping function in 1910, for convertion of recombination frequencies between
loci into genetic maps. Morgan assumed completely additive recombination frequencies, resulting in a
relationship between the map distance and the recombination frequency of one-to-one. It has more
recently been confirmed that over great chromosomal distances, the relationship, however, is not exactly
a one-to-one ratio (Weller, 2001). Haldane proposed a function taking into account the occurrence of
double recombinants, while the Kosambi function considered double recombinants as well as the effect
which the occurrence of recombination in one segment has over the occurrence of recombination in another
segment. When using the Kosambi function, the map distances are not additive between multiple markers
or loci, thus making the computation of map distances with the Kosambi function extremely difficult.

The Haldane function is therefore the most popular and widely applied mapping function (Weller, 2001).

Morgan's mapping function

é - Haldane's mapping function
) 1 Kosamiboi*s mapping function
0

2

(0]

Q

c

1Y

2

2 0.5

Q

0

-

0
0.0 0.1 0.2 0.3 0.4 0.5

Recombination frequency

Figure 3.2: The relationship between the recombination frequency and the genetic map distances of three mapping
functions (Weller, 2001).

3.1.2. Applications of databases for QTL research

A database can briefly be defined as a shared collection of logically related data, and a description
of this data, designed to meet the information requirements of a specific project (Connoly & Begg,
2002). A database integrates all data items with a minimum amount of duplication, instead of having
disconnected sets of data. In order to analyse the information needs of a project, entities, attributes
and relationships needs to be identified. An entity is a distinct object that needs to be represented in
the database, a attribute is a property that describes some aspect of an object, and a relationship is an

association between entities.
A database management system (DBMS) is a software system that enables users to define, create,

maintain and control access to a database. The typical applications included in a DBMS allow users

to define the database, using a Data Definition Language (DDL), allow users to insert, update, delete
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and retrieve data from the database using a Data Manipulation Language (DML) and provide controlled
access to the database (Connoly & Begg, 2002). A DBMS requires hardware to run on ranging from
a single personal computer, to a mainframe, to a whole network of computers and differs in terms of

operating systems and hardware requirements.

Relational Database Management Systems (RDBMS) are the dominant database processing software
currently in use, structuring data logically within relations (or tables). Each relation has a name and
consists of attributes (columns) of data. Each tuple (row) contains one value per attribute, and has an
unique identifier in the form of a primary key. Integrity rules, which apply to primary keys, indicate
that no attribute which is used as a primary key can have a null value, or if foreign keys (keys acting as
primary keys in other tuples) exist, either the foreign key must match a primary key of some tuple, or

the foreign key must be null (Connoly & Begg, 2002).

Query languages are associated with relational database models allowing for the manipulation of data
within the database. Relational Calculus and Relational Algebra are generally applied to instruct the
DBMS how to build a new relation from one or more relations within the database. Both Relational
Algebra and Relational Calculus are formal, non-user friendly languages used as the basis of higher-level
Data Manipulation Languages (DMLs) for relational databases. They are of interest only because they
illustrate the basic operations required of any DML and because they serve as a standard of comparison
for other relational languages (Connoly & Begg, 2002). The Structured Query Language (SQL), defined
in 1986 by the American National Standards Institute (ANSI), emerged from the development of the

relational data model, and is currently supported by hundreds of DBMSs on various platforms (Table 3.1).

Table 3.1: Examples of some Structured Query Language (SQL) databasis currently available. The GNU Public
License (GPL) is essentially a free license (www.gnu.org/copyleft/gpl.html).

Database name License
MySQL GPL License
PostgreSQL GPL License
Interbase GPL License
SQLite GPL License
JO-SQL GPL License
pocketSQL GPL License
Oracle Commercial Licence
Sybase Commercial Licence
SOLID Commercial Licence
Querix Commercial Licence

In order to be considered relational, data integrity must be an internal function of the DBMS. Data
integrity means the consistency and accuracy of the data in the database. There are three types of

data integrity: entity, domain, and referential. Within the database, data integrity can be enforced by
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procedures or by declaring certain constraints. Declarative data integrity involves placing or declaring
constraints on columns. Procedural data integrity is maintained through the program code with which

data is inserted into the database.

Object oriented databases (OOD) employ a data model that has an object-oriented approach embed-
ded in the design (Connoly & Begg, 2002). Like object-oriented programming, every object belongs to a
class which defines its attributes and methods. OOD also supports encapsulation (data and methods),
multiple inheritance, and abstract data types like images and video files. The element of object orien-
tation and object-oriented programming languages like C++ and Java are supported by OOD, allowing

programmers to write complete database applications with a small amount of additional effort.

Relational databases are well developed, mature and extensively tested, with a vast amount of data
already being stored in the relational model. The relational model are also well optimized for high speed
retrieval by programmers. OODs are new database systems, and still lack a consensus on the standards
and definitions of the OOD model and some concern exists regarding the performance of OODs (Connoly

& Begg, 2002).

A database language must ideally allow a user to create databases and relation structures, perform
basic management tasks like the insertion, modification and deletion of data, and perform both simple
and complex queries on the database. The SQL standard comprises of the ability to define the database
structure and control access to the data as a Data Definition Language (DDL), and retrieve and update
data as a DML. The standard SQL does not use the formal term of relations, attributes and tuples,
but rather uses the terms tables, columns and rows. With very simple DML statements (Table 3.2),
immensely complex queries can be created to sort, group, aggregate, and also run queries on multiple

tables in order to create a functional, efficient and easy to use database.

Table 3.2: Examples of some data manipulation language (DML) commands of the Structural Query Language
used to manipulate data in the database.

Some basic SQL command Example query
INSERT INSERT INTO tablename (column list) VALUES datalist;
SELECT SELECT column FROM table WHERE constraint ORDER BY constraint;
UPDATE UPDATE table SET column = updatedvalue WHERE constraint;
DELETE DELETE FROM table WHERE constraint;

Databases are widely used to provide access to information about QTLs found in various organisms

(Table 3.3). The National Animal Genome Research Program (NAGRP, http://www.genome.iastate.edu/),
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a coordination program in the United States of America for genotyping and mapping livestock animal
species, established four Species Genome Committees to coordinate research in livestock animal species
(Bovine, Poultry, Sheep and Swine). Each species has a Species Coordinator which is responsible for
the facilitation of genome research, mapping and database activities of the specific species. The research
in genomics projects yielded powerful tools for accessing genes that specify hereditary disorders (Snook,
2001; Felsburg et al., 1992), infectious disease resistance (Fitzpatrick et al., 1999; Bumstead et al.,
1991), breed-specific QTL (Soller & Reecy, 2004; Campbell et al., 2003) and phenotypes of agricultural

importance (Nicholas, 1996).

Table 3.3: Examples of current databases which provide access to information about QTL mapping projects of
animal species.

Database Website URL

Mapping  the  Bovine | http://locus.jouy.inra.fr/cgi-bin/lgbc/mapping/common /intro2.pl?
Genome BASE=cattle

Mapping  the  Caprine | http://locus.jouy.inra.fr /cgi-bin/lgbc/mapping/common/intro2.pl?
Genome BASE=goat

The Horse genome project | http://www.uky.edu/Ag/Horsemap/

Mouse Microsatellite | http://www.shigen.nig.ac.jp/mouse/mmdbj/top.jsp
Database of Japan
Pig QTL Database http://www.animalgenome.org/QTLdb/

Silkworm  Microsatellite | http://210.212.212.7:9999/PHP /SILKSAT /index.php
Database
Xiphophorus (Swordtail | http://www.xiphophorus.org/microsats/microsat.htm
Fish) Microsatellite Loci
Database

The importance of similar biological data repositories, which make use of molecular markers to detect
QTLs will become more evident with the full scale realization of the field of Comparative Genomics, when
comparisons between different genomes in search for new QTL will be the performed. Databases play
an important role in providing access to valuable information about known QTL, and also serve as a
centralized repositories of data during the data gathering phases of the projects. The use of centralized
repositories of data is especially important if the physical locations of the data collection sites are different,
but equally so to keep track of the amount of data gathered, and relating data from different phases of

the project to each other.

3.2. Materials and methods

The Angora fine hair flock at Jansenville Experimental station, in the Eastern Cape Province, South
Africa formed the reference population for constructing the database for the QTL study. The DNA sam-

ples, either blood or hair, were genotyped at the University of Pretoria, and the genotypic information
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was entered into the database by researchers at the University. Phenotypic information was collected by

researchers at Jansenville, and then submitted to the database.

The open source DBMS POSTGRESQL (http://www.postgresql.org/) was used as the database back-
bone of the project. The extensibility of POSTGRESQL was the main choice in the selection of it as the
DBMS, as well as the easy of use of the POSTGRESQL DBMS. The database was installed on a SUN V880
server running the SOLARIS v9 Operating System at the Bioinformatics and Computational Biology Unit
(BCBU), University of Pretoria (http://www.bi.up.ac.za/). Connection to the database was established
via the PERL (V5) programming language (http://www.perl.com/), and the Common Gateway Interface

(CGI) module was used to connect to the HTML front end (Fig. 3.3).

SQL queries

PERL scripts o .
HTML pages
A
‘Web-browser PostgreSQL

.. _d

.
s

‘-‘Qf;::,/ ol
Mulctfple users R T i qDl\f/:[rI;es
u

results

Data tables

Figure 3.3: The backend description and functional layout of the database system.

The choice of PERL as the functional programming language was made based on the widespread ap-
plications for which PERL can be used. PERL is also an important language in the field of Bioinformatics,
with most projects and common day-to-day programming tasks being performed with PERL, and the
programming language featuring in most, if not all Bioinformatics education courses. The CGI interface
was selected due to the simplicity of communicating between the HTML front-end, and the PERL and

POSTGRESQL backends.
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Table 3.4: Tables and fields of the Angora database. Primary keys are underlined, and candidate keys are in
italics.

Table Attributes/fields

Animal information | Animal id, Sample number, User id, Comment

Parentage Animal id, Date of birth, Ewe id, Ram id, Breeder id

Phenotype Animal_id, Sex, Birth mass, Wean mass, 12 _month mass, Com-
ment

Fleece information Animal _id, Fleece weight 9mth, Fibre diameter 9mth,
Fleece weight 12mth, Fibre diameter 12mth, Comment

Marker Sample number, BM1329, CsRd247, ILStS087, INRA023, Oar-

Fcb20, MCM527, SrCrsP5, SrCrsP8, SrCrsP23, SrCrsP24
Sample information | Sample number, Sample type, Sample location, Date received,
Date extracted, Extraction method, DNA concentration, Com-

ment

Breeder Breeder_id, Breed, Name, Address, E_mail, Contact_no

User User_id, User name, E mail, Contact no, Institute, Password,
Permissions

Fleece information | Animal id, Fleece wght 9mths, Fibre diam 9mths, SD 9mths,
Fleece wght 12mths, Fibre diam 12mths, SD 12mths

The structure of the database consisted of eight tables (Table 3.4), designed to group information into
three sections; information about the users and breeders involved in the project, genotypic information
generated in the laboratory, and phenotypic information collected on the experimental farm at Jansenville
(Fig. 3.4). The relationships between the tables enforce a stepwise insertion of data into the database.
The coloured attributes indicate either primary keys, or candidate keys (Table 3.4), which do not allow
for NULL values within the fields. This design ensures that referential integrity is kept throughout the

database.

To facilitate batch uploads into the database, a spreadsheet-parser module (PERL) was used to convert
the information within the spreadsheets to text files, which were then subsequently read into the database
via SQL queries executed with PERL. The use of templates to upload the data was implemented, but
since referential integrity and the order of the data entered into the database was important, very strict
rules ensured that the template can not be tampered with. If a template was submitted which deviated
from the standard, the submitting user as well as the web master received e-mail notifications regarding
the error(s). The retrieval of information from the database was made possible by creating a comma
delimited file of the results of a query issued by the user. This text file can then be easily imported into

specific software programs.

Browsing and searching the database were made as user friendly as possible, with queries made to
the database being generated autamatically with a limited need of input from the user. All queries can
be performed by selecting constraints via drop-down menus, limiting user and query errors. The HTML

front end was designed using different frames, this reduced the amount of data needed to be transfered
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Figure 3.4: Entity relationships between the tables in the Angora database.

when following links within the web-site, thus allowing for faster browsing of the web-site. The web-site
consisted of ten pages, enabling the user to search through the database with various constraints (Fig.
3.5). The HOME, NEWS and LOG IN pages are visible to the world, but access to searching through the
database and uploading information is restricted. Restriction and verification of the users is controlled by

keeping track of cookies that the web-site creates once successful identification of the user has occurred.

3.3. Results and Discussion

For the initial upload of existing information into the database, spreadsheets were used where the
sheets corresped to each of the eight tables in the database. These spreadsheets were used to insert the
initial sets of information into the database. Templates with similar design were then issued to the users
of the database, and these templates were used to insert data which subsequently became available in
the database. The HTML front-end of the database provided upload -and- search web-pages, as well as

the ability to create text files from the results of the queries made (Fig. 3.6).

The database created, together with the HTML front-end, formed a basic repository for early results
of the QTL project. This early phase of the project required the storage and retrieval of genotypic
information generated within the laboratory, and phenotypic information from the experimental farm.

The success of this data depository can only be measured in later stages of the QTL project when
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Figure 3.5: A site layout of the html-cgi pages.
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the data stored in the database is used to determine the location of QTL. Future applications of the

database rely on the detection of actual QTL affecting fine hair traits in Angora goats. The database

has the potential to be restructured to include information about these QTL, and to serve as the major

repository of fine hair trait information on Angora goats in South Africa.
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Figure 3.6: Example pages from the web-site.
(a) The first or index page, (b) the search options page, (c) searching by breeder identification number, and (d)
customizing the amount of information to be displayed.
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Chapter 4
Animal breeding in the genomics era

4.1. Introduction

The prediction of a paradigm shift in biology has been made in the early 1990s, away from the
traditional way of approaching a biological problem with solely an experimental viewpoint, towards a
more theoretical approach (Gilbert 1991). Gilbert envisioned that within this new paradigm, all genes
of interest would be known, and scientists will only after theoretical investigations into the problem,
turn to experimental procedures to solve biological problems. To a certain extent this paradigm shift
has occured, with biological databases containing vast amounts of information about biological systems

and organisms being available to researchers in all fields of biology.

The amount of resources spend in the last fifteen years to establish these data repositories of biological
information is staggering. The Human Genome Project (HGP) (http://www.ornl.gov/sci/techresources/
Human_Genome/home.shtml) and related scientific activities was estimated to cost approximately US$3
billion over the 13 years of funded research (1990-2003). Funding for genomic programs from both the
public and private sectors flows from the generally held perception that genomics will be the single most
fruitful approach to the acquisition of new information in basic and applied biology in the next few decades
(Saccone & Pesole, 2003). Genomics, as a tool for the basic biologist, will provide in depth information
to fundamental processes such as cell division, differentiation and transformation, developmental biology
and the diversity of organisms. The applications of genomics in applied biology includes the promise
for new approaches of drug discovery, understanding cancer formation and determining qualitative and

quantitative traits in animals for breeding and genetic engineering.

Probably the most elaborate biological project ever undertaken by mankind came to conclusion on 16
February 2001 with the publication of the sequence of the human genome in the popular science journal,
Science (Venter et al., 2001). The goal of constructing a high resolution map of the human genome,
the HGP paved the way for constructing full genome maps of selected model species by developing

the capabilities for collecting, storing, distributing and analysing the information of large scale genomic
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programs. This billion dollar project was one of the landmarks in creating public awareness of the
advances made in biotechnology, since the sequencing of the first protein (Bovine insulin) by F Sanger
in 1955, as well as the creation of a protein family database based on sequence similarities by Margaret
Dayhoff and her collaborators during the 1960s (Mount, 2001). Information from biological systems,
be it available DNA sequences, protein sequences, structures and functions, metabolite functions and
metabolic pathways, or phylogenetic relationships between species have entered an exponential growth
phase in the late 20th and early 21st century, and still shows no sign of reaching a plateau. These masses
of data needs to be processed, stored and structured in sensible ways to assist researchers from around

the world unravel the mysteries of life.

The aim of this chapter is to provide a brief overview of the various fields of genomics, including
the current and possible future applications of genomics in the field of animal breeding, and the use of

bioinformatics in solving biological problems in Animal Science.

4.2. The Yomics” era

The availability of whole genome sequences of various species and organisms gave rise to the field of
genomics, which is broadly defined as the study of genome compositions (Hieter & Boguski, 1997). Out
of the general field of genomics, various fields of ”-omics” arised, each focusing of a specific part of genome
analyses. The next section provides a discussion of these fields, from searching and identifying possible
protein encoding sequences on genomes, using structural information to infer the function of proteins,
analysing expression patterns of proteins and employing comparative genomics to infer gene location and
protein functions between species. References to the application of these techniques in animal breeding

will be provided where possible.

The genome sequences of the four major farm animal species (cattle, chickens, sheep, and pigs) are
either in a draft assembly phase, or currently in progress (Table 4.1). These genomes, together with
other mammalian genome projects, will flood the scientific community with genome sequences ready to
be analysed within the next decade. Farm animals, like humans, are estimated to have between 30 000
and 40 000 genes arranged among their chromosomes, with a total length of around 3.1 billion nucleotide
pairs (Venter et al., 2001). The chicken genome, however have a length of only around 1 billion bases,
with between 20 000 and 30 000 genes, thus can serve as a "condensed” genome, ideal for identification

of genes and comparative studies (Hillier et al., 2004).

Apart from constructing high resolution full genome maps to identify QTL, identifying and classifying
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Table 4.1: Current mammalian genome sequence projects, including organisms in the draft assembly stage of
completion (http://www.ncbi.nlm.nih.gov/).

Organism Common name Stage of completion of genome sequence
Bos taurus Cattle Draft assembly

Canis familiaris Dog Draft assembly

Canis latrins Coyote In progress

Canis lupis Grey Wolf In progress

Cavia porcellus Guinea Pig In progress

Dasypus novencinctus Armadillo In progress

Equus caballus Horse In progress

Felis catus Domestic cat In progress

Gallus gallus Chicken Draft assembly

Lemur catta
Loxodonta africana
Macaca Mulatta
Macropus eugenii
Mus musculus
Ornithorynchus anatinus
Oryctolagus cuniculus
Ovis aries

Pan troglodytes
Pongo pygmaeus

Sus scrofa

Ring-tailed Lemur
African elephant
Rhesus macaque
Tammar Wallaby
Laboratory Mouse
Duck-billed Platypus
Rabbit

Sheep
Chimpanzee
Orangutan

Pig

In progress
In progress
In progress
In progress
Draft assembly
In progress
In progress
In progress
Draft assembly
In progress
In progress

genes in the genome sequence can be considered the first step in analysing genome sequences. The central
dogma, of molecular biology is that DNA, the carrier of genetic material across generations is transcribed
in to ribose nucleic acid (RNA), which in turn is translated into proteins (Fig. 4.1). Thus the genetic
information contained in the DNA specifying particular functions is converted into an RNA copy, which
is then translated into proteins which then, together with effects from the environment, results in the
phenotype. As the number of genomic sequences of species increase, so does the importance of identifying
classes of genes which encodes for RNA molecules (Mount, 2001). Transcription of DNA into RNA,
gene regulation and the associated processes are well described in various textbooks (Watson et al.,
2003; Turner, 2002; Latchman, 1998; Maclean, 1991), and will not be covered in this section. Genome
sequencing centres often searches through newly acquired genome sequences using gene prediction soft-
ware to identify genes within the sequence, thus building a database of the annotations of the sequence.
This annotation database usually includes the location of the gene, the structure of the gene (possibly
exon/intron and regulatory sites), and matches of the translated exons with protein sequence databases
(Saccone & Pesole, 2003). The final goal of the gene annotation procedure for a species is to produce a

genome database that includes a rich supply of genome information on the function of each gene.

The use of computational technology has enabled the identification of a number of genes affecting
single gene traits in livestock. The majority of these identified genes variants resulted from a change in
the coding sequence of the protein, expressing non-functional proteins, or proteins with altered biochem-

ical characteristics. Examples of disorders and traits with a known molecular basis includes Ectodermal
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Figure 4.1: The central dogma of molecular biology. DNA is transcribed into RNA, which in turn is translated
into proteins (Voet & Voet, 2004).

Dysplasia (Drogemuller et al., 2001), coat Albinism (Foreman et al., 1994) and Pompe'‘s disease (Dennis
et al., 2000) in cattle, Malignant Hyperthermia (Fujii et al., 1991) and a reduction in the shear force
in meat (Le Roy et al., 1990) in swine, Spider Lamb Syndrome (Beever et al. , 1998) in sheep and
dwarfism (Agarwal et al., 1994) in chickens. Because of the similarity (in structure and function) of
individual genes in the chromosomatic regions between mammals, comparative genomic studies between
genome sequences can be used to identify potential candidate genes in different organisms (O‘Brien &

Menotti-Raymond, 1999).

The functions of proteins can also be inferred from their structure. Structural genomics is defined
as the systematic determination of 3-dimensional (3D) structures of proteins representative of the range
of protein structures and functions found in nature. The aim of structural genomics, ultimately, is to
build a depository of structural information which will facilitate the predictions of accurate structures
and potential functions for almost any protein from knowledge of its DNA coding sequence. Knowledge
of protein structure is generally considered a prerequisite for the understanding of protein function, and
a cornerstone of proteomic research (Bergenson, 2003). To experimentally derive the 3D structure of
a protein involves increasing expression levels of the protein and crystallizing the pure proteins, before
performing X-ray crystallography or Nuclear Magnetic Resonance (NMR) on the protein crystals (Zhang
& Kim, 2003). Months or even years are spend on verifying the protein structure through experimental
methods, and computational methods are viewed as the only viable means of determining the structure

of a newly discovered protein (Bergenson, 2003).
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The field of structural genomics can only be realized if structures can be defined quickly and cheaply
(Service, 1999). Structural biologists therefore embraced high-throughput biology by developing tech-
nologies that enables the structures of hundreds of proteins in a relatively short time (Chance et al.,
2002). Identifying protein structures in silico involves searching through thousands of structures de-
posited in the Protein Data Bank (PDB) for homologous sequences and inferring the structure of the
unknown protein from related, known structures. Homologous sequences are not always recognizable at
the protein sequence level, but are clearly revealed when comparing protein folding, conserved constel-
lation of side-chain functionalities, or by observing co-factors associated with the function of the protein

(Chance et al., 2002).

Expressed Sequence Tags (ESTs) represent a simple, yet powerful tool to study expression patterns
of genes. The power of the EST approach was derived from the fact that in any given cell, only a part of
the genome is actually transcribed (Adams et al., 1991). Currently there are around 25 million ESTs in
the GENBANK EST database (dbEST) (http://www.ncbi.nlm.nih.gov/dbEST/), from over 800 species
(Table 4.2). ESTs are generated using an ¢cDNA library, which is constructed from the tissues or cell lines
of interest. Individual clones are picked from the library and one sequence is generated from each end of
the sequence (Fig. 4.2). Due to the short sequences generated (around 400 bases), ESTs represent only
fragments of genes and not complete gene coding regions (Wolfsberg & Landsman, 2001). The ESTs
are entered into the EST database using their clone number, 5’ or 3’ orientation, and the tissue or cell
line from which they were sequenced from. EST sequences are generated using a single pass sequence
method and have a higher error rate of 3% (Boguski et al., 1993) when compared to the standard error

rate of the human genome project of 0.01% (Venter et al., 2001).

Table 4.2: The number of Expressed Sequence Tags (ESTs) of various livestock species currently in the GEN-
BANK database (http://www.ncbi.nlm.nih.gov/dbEST/).

Organism name Number of ESTs
Gallus gallus (chicken) 531 351
Bos taurus (cattle) 508 736
Sus scrofa (pig) 398 753
Equus caballus (horse) 29 254
Ovis aries (sheep) 10 952
Bos indicus (cattle zebu) 5 950
Meleagris gallopova (common turkey) 857

The rapid access to many expressed genes, their utility in the construction of physical maps and
their significance for the analyses of genomic DNA sequences have firmly established the value of large
scale EST datasets (Yang et al., 2004; Haegeman et al., 2003; Bertani et al., 2002). Gene discovery

methods using ESTs include hunting for new members of genes families in the same species (paralogs),
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Figure 4.2: Overview of how ESTs are constructed (Wolfsberg & Landsman, 2001).

hunting for functionally equivalent genes in other families (orthologs), or alternatively spliced forms of
known genes (Boguski et al., 1994; Wolfsberg & Landsman, 2001). ESTs outnumber nucleotide sequences
in GENBANK, researchers are therefore more prone to find novel genes in dbEST than in the rest of
GENBANK. Expressed Sequence Tags have been used to complement the data in DNA maps, allowing

for the mapping of the physical location of various genes.

Genes which are differently expressed in tissues affected by disease are of interest as they might
yield insight to the process of disease development. The advent of microarrays now allows researchers
to survey the transcriptional profiles of large sets of genes within a genome. Transcriptional profiling of
different cell types under different environmental or time-dependent conditions can be used to identify
the network of gene interactions which occurs within a cell. Microarrays allows for the comparison of gene
expression between normal and diseased cells by exploiting the preferential binding of complementary
single-stranded nucleic acid sequences (Stekel, 2003). A microarray is typically a glass slide, on to
which DNA molecules are attached at fixed spot locations. Tens of thousands of spots are present on an
array, containing a huge number of identical DNA molecules. For gene expression studies, each of these
molecules identifies one gene in the genome, however, in practice this is not always so simple and may not
even be generally possible due to families of similar genes in a genome. mRNA from the cells in different
conditions is extracted and labeled with two different fluorescent labels. Both extracts are washed over
the microarray. Labeled gene products from the extracts hybridize to their complementary sequences
in the spots due to preferential binding. Complementary single stranded nucleic acid sequences tend
to attract to each other and the longer the complementary parts, the stronger the attraction (Stekel,
2003). The dyes enable the amount of sample bound to a spot to be measured by the level of fluorescence

emitted when it is excited by a laser. If the RNA from the sample in condition A is in abundance, the
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spot will be green, if the RNA from the sample in condition B is in abundance, it will be red. If both are
equal, the spot will be yellow, while if neither are present it will not fluoresce and appear black. Thus,
from the fluorescence intensities and colours for each spot, the relative expression levels of the genes in

both samples can be estimated (Fig. 4.3).
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Figure 4.3: An example of a microarray experiment slide.
Note the difference in the amount of RNA present in the samples, indicated by the different colours on the slide
(http://www.biology.ucsc.edu/ mcd/research.html)

Standards such as Minimal Information About a Microarray Experiment (MIAME) outline the min-
imum information that should be available regarding a microarray experiment in order to be fully un-
derstood and reproduced in other laboratories (Brazma et al., 2001). Sharing of data is important
to perform further experimental work based on the results, to further analyse the results, to compare
the results with other functional genomic studies and to have datasets available to develop novel data
analysis methods (Stekel, 2003). MIAME details the information needed to be recorded whilst Gene
Ontologies (GO) provide a solution of how the information can be recorded. The aim of GO is to provide
a framework for a formal presentation of biological data, to describe elements of molecular biology shared
among life forms, and provide useful tools for using and manipulating these vocabularies (Ashburner et
al., 2001). GO are being used by six model organism databases; Flybase (Drosopliha), Saccharomyces
Genome Database, the Mouse Genome Database, Caenorhabditis elegans database, the Aribidopsis and
the Zebrafish genome database projects. GO will soon become the standard for storing genome sequences
in databases, to improve communication between researchers and allow for comparisons between exper-

imental results of gene expression studies (Ashburner et al., 2001).
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Information regarding the expression patterns of proteins will be applied in determining the sequence,
structure and quantity of each protein expressed and used to gain an integrative view of the complexity
of biological systems (Garner & Pertsemlidis, 2003). The goal of systems biology is to develop in silico a
model of the networks of the numerous functional elements of living cells. This approach could lead to the
progression of single gene to multi gene analysis of complex traits by epigenetic networks of interacting

genes, proteins and environmental signals (Zweiger & Scott, 1997).

The challenge of comparative genomics is to identify genes which are predicted to have a specific bio-
logical function in one organism, by performing comparisons with genome sequences of other organism for
which the biological function is known (Mount, 2001). The genome sequences of model species for which
a great deal of biochemical information is available have lead to the accumulation of a large amount of
information on gene organization and function. Newly identified genes from species with limited genome
information available can be compared with the existing database of information to find out whether
similar functions of the gene exists. The standard steps involved in the structural-functional annotation
of proteins with unknown function includes sequence similarity searches using BLAST (Altshul et al.,
1990) and FASTA (Pearson & Lipman, 1988), identifying functional motifs and structural domains by
comparing the protein sequence against databases like PROSITE, BLOCKS, SMART or Pfam, and the

prediction of 3D structural features of the protein (Galperin & Koonin, 2001).

Searching and comparing the genome maps of cattle and mice have led to identifying genes that influ-
ences extreme phenotypes, for example the myostatin gene (GDF8) in double muscled cattle (Kambadur
et al., 1997; Smith et al., 1997). Comparisons between the human and chicken genomes has also revealed
high levels of sequence conservation between the species (Crooijmans et al., 2001), which can be used to
identify functional domains causing mutations in either species (Warren et al., 2001). The comparison
between the chicken and human genome also revealed gene families which is only present in one of the two
species (Hillier et al., 2004). Genes absent from the chicken genome included the vomoronasal receptors,
casein milk proteins, salivary-associated proteins and enamel-forming associated proteins. This might
mirror the evolution of the vomeronasal organ and mammary glands in mammals, and the loss of teeth
in birds (Hillier et al., 2004). Genes of presumably unrelated function, like eggshell formation were
predicted to have orthologs in primates in the form of matrix extracellular phosphoglycoprotein, which
plays a role in bone calcification. Gene families lost in mammalian genomes when compared to chicken
genomes include the avidins family, a protein family which is present in egg-white formation, and other
yolk storage proteins (vitellogenin I and IT gene families). Information about the innovations and losses

of gene families in different species can also be used to infer divergence of species.
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Unquestionably, bioinformatics will be an essential component of all research activities utilizing struc-
tural and functional genomics approaches. Bioinformatics is described as the science of information and
information flow in biological systems, especially of the use of computational methods in genetics and
genomics (http://www.oed.com). Computational or algorithmic approaches needs to be applied to the
information from large amounts of biological data, including the prediction of protein structure, dy-
namic modeling of complex physiological systems and the statistical treatment of quantitative traits in

populations in order to determine the genetic basis for these traits.

4.3. Future prospects of animal breeding

4.3.1. High density marker maps for QTL regions

Most of the genes important in animal breeding are of a quantitative nature, not having the potential
to produce qualitative differences on the phenotypes on their own. Genetic maps, which is created by
analysing a sufficiently large number of animals which allows for variation in economically important
QTL, any QTL with an appreciable effect on production traits would be easilly located between a pair
of linked markers (Kutzer et al., 2003). Gene maps would thus allow for the study of QTL in the
genome, including the size and type of the effect and the importance of the interactions of these QTL.
This however requires a higher map resolution of the interested genomes to be developed (Vaiman et
al., 1999; Weikart et al., 1997). To sufficiently apply genetic markers in animal breeding programs, the
effect of the polygenes affecting QTL must be calculated, which can only be achieved by determining
the fine mapping of the gene itself. Candidate genes can then be directly tested for the particular trait.
With the sequencing of entire genomes and the growing understanding of the function of various genes,
the usefulness of QTL fine mapping strategies could enlarge even further by applying the positional

candidate gene approach (Kutzer et al., 2003).

Mutations of genes involved in complex traits are more likely to lead to small alterations of gene
functions and expression rather than disrupting the whole coding sequence of the gene, which makes
it difficult to distinguish them from primary sequence data (Kutzer et al., 2003). Mapping of QTL
with the amount of accuracy required for positional cloning are more likely be achieved for QTL with
large phenotypic effects, due to the interferance of QTL with other QTL and environmental factors.
Examples of loci with major gene effects includes the bovine myostatin gene (Grobet et al., 1997) and
the occurance of excess glycogen in skeletal muscle of swine (Milan et al., 2000). The availabillity of
entire genome sequences of livestock could potentially increase the value of QTL fine mapping strategies

in detecting candidate genes in model animals.
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4.3.2. Marker Assisted selection (MAS)

There are several ways in which MAS can play a significant role in the genetic improvement in
agriculturally important species. Genetic improvement of farm animals can generally be divided into
two different approaches: one being the selection within a breed and thus utilizing the genetic variation
within the breed, and the other by selecting between breeds to create improved composite animals.
Quantitative selection has had great success in the past in both these approaches, but selection with the

aid of molecular genetics does have the potential for future genetic improvement of livestock breeds.

Marker Assisted Introgression (MAI) is the introduction of a target gene, which can be a single gene,
a QTL or transgenic construct from a donor line or breed, into a recipient line or breed which lacks that
particular trait (Hospital & Charcosset, 1997). Introgression is done through a F1 cross followed by
multiple backcrosses to the recipient breed and then one or more generations of intercrossing. The target
gene is maintained in the backcross generations through the selection of donor gene carriers (Dekkers &
Hospital, 2002). The aim of the backcross generations is to maintain the target genes while recovering
the original background genome of the recipient breed. Once a sufficient proportion of the background

genome is recovered, intercrossing starts which aims to fix the target genes in the population.

The efficiency of MAI is limited by the ability to identify backcross and intercross individuals carring
the target genes, and the ability to identify backcross individuals with a sufficiently high proportion of
the recipient genome (Dekkers, 2004). Hospital and Charrcosset (1997) noted that molecular genetics
have the ability to enhance introgression by increasing the effectiveness of these two phases. Backcross
effectiveness can be increased by identifying carriers of the target genes (foreground selection) and by
enhancing the recovery of the recipient genetic background (background selection). Intercrossing selection
also can be improved by enhancing foreground selection on the target genes. Hospital and Charrcosset
(1997) investigated the use of molecular markers in introgression programs and found that in foreground
selection, using at least three markers per QTL allowed for good control of the QTL over several genera-
tions. During background selection they found that the positions of the markers relevant to the QTL has
to be considered, the distance between the markers and the QTL varying with the amount of markers

used.

The application of introgression programs in livestock is limited due to several reasons, the most
important being the costs involved and the large amount of generations required to complete such a pro-
gram. Animals with a short generation interval can ideally be considered for an introgression program
such as the Naked Neck gene incorporated into chickens. The Booroola gene in Merinos is however an

excellent product of introgression in animals with a longer generation interval (Mitra et al., 1999). Also,
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the loss in genetic material of other traits during introgression in the recipient line must be considered,

as well as the effect of the newly introgressed genes in a different background.

MAS is especially useful in crosses of lines or breeds with about equal economic value. In this case,
the population wide linkage disequilibrium can be exploited, resulting in potentially large increases in
response to crossing (Lande & Thompson, 1990). Dekkers et al. (2002) noted that a selection strategy for
crossing two inbred lines based on combined molecular and phenotypic information showed the greatest
genetic progress in selection, followed by selection on markers and finally BLUP values alone, confirming
the concept introduced by Lande and Thompson (1990). These results indicates that MAS can be
especially useful in selection for traits which are difficult or expensive to measure in livestock, because of
the lack of continuous phenotypic observations that are required in BLUP and COMB designs. Gimelfarb
and Lande (1994) indicated that with the continuous re-evaluation of marker effects, greater response to

selection can be achieved, but at a cost that could outweigh the benefits.

Genetic selection for a synthetic breed should focus on all traits of economical importance, thus
a marker-based Estimated Breeding Value (EBV) index should be estimated for difficult to measure
traits, BLUP-EBYV values for performance traits, and if possible, the inclusion of a marker-based EBV
for performance traits (Dekkers, 2004). Instead of deriving the emphasis that is placed on difficult to
measure traits versus performance traits on the basis of economic traits, additional emphasis should be
given to the economically important traits in the initial generations, before the linkage disequilibrium

between the markers and the QTL erodes (Dekkers, 2004).

The application of MAS for the genetic improvement within breeds depends heavily on the level of
precision at which a QTL has been identified (De Koning et al., 2003). Three levels of refinement has
been defined by De Koning et al. (2003): (1) Functional mutations: Loci for which the functional poly-
morphism can be genotyped. (2) Linkage disequilibrium (LD) markers: loci that are in population-wide
linkage disequilibrium with the functional mutation, and (3) Linkage equilibrium (LE) markers: loci that
are in population wide equilibrium with the functional mutation. These levels of refinement can be used

in different selection strategies based on the type of markers associated with the QTL.

When a molecular marker associated with a gene turns out to be an actual part of the gene, and
the functional mutation in the causative gene is known, the implementation of this QTL into a MAS
scheme is reasonably straightforward (Dekkers, 2004). The effect of all the known mutations on all
breeding goals can then be quantified and the functional mutation can be included as a systematic effect

in the breeding value estimation model (De Koning et al., 2003). The advantage of a marker directly

© University of Pretoria



P
o} UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

Chapter 4. Animal breeding in the genomics era 65

in a gene is that only the selection candidates themselves needs to be genotyped, although the genotype
probabilities needs to be derived for animals which are not genotyped. Unfortunately, for the applications
in other breeds the functional mutation will need to be verified as its effects may also be influenced by

polygenes.

Villenueva et al. (2004) recently simulated the extra genetic gains obtained from gene assisted se-
lection (GAS) by optimizing the genetic contributions for maximal gain, while restricting inbreeding,
and optimizing the relative emphasis given to the QTL over generations. They found that optimization
across generations allowed for greater gains with GAS, whilst avoiding the conflict between long- and
short-term responses to GAS. Identifying markers directly in genes is the ideal situation for MAS. Sim-
ply by following the inheritance of the marker alleles, the inheritance of the QTL alleles can be directly
followed. On the other hand, it is most difficult to find these kinds of markers, with only a few that have
been found up to date. A good example of GAS is the myostatin gene in beef cattle (double muscling)
(McPherron & Lee, 1997).

Many cases exists where not all available selection space is utilized by conventional selection methods
and room for MAS is still available. These includes cases where selection decisions must be made at
stages of the animal’s life when limited or no phenotypic information is available to guide those decisions.
A prime example is pre-selection on the basis of markers among members of a full-sib family for further
testing, prior to availability on individual progeny records. There is often a need to limit the number of
full sibs tested to limit inbreeding and increase the availability of diverse blood lines. In such situations
conventional selection has no basis for selection because EBV are derived from pedigree information,
which is the same for all members of a full-sib family (Dekkers, 2004). Family members can, however,
differ for the markers they inherit, which then provides a basis of selection, instead of having to make a
random choice. In addition to increasing selection space within a generation by increasing full-sib family
size, space for MAS can also be created across generations by introducing several rapid generations of
selection based on markers alone. In such programs of velogenetics, the short generation intervals for
marker assisted selection are facilitated by the use of reproductive technologies such as the recoveries of
oocytes, and in vitro fertilization. These technologies are then combined with the selection of embryos
for implantation based exclusively on the inheritance of markers that were previously estimated to have
favorable effects. Enhancements for further reducing the generation interval in these programs were
suggested by Haley and Visscher (1998). Although further enhancements in reproductive technologies
are required for velogenetic programs to become feasible, they offer the potential to improve meat quality

through marker assisted introgression, synthetic line development, and within-breed selection based on
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population wide LD.

In most livestock, crossbreds are used for commercial production to capitalize on heterosis and com-
plementarity and the aim of selection within pure lines is to maximize crossbred performance. Selection
is, however, within pure lines and based on purebred data. Combined crossbred and purebred selec-
tion can result in greater responses in crossbred performance, in particular if genes with complete of
over-dominance affect the trait (Dekkers, 2004). Application of crossbred data, however requires sepa-
rate testing and recording strategies. The strategic use of non-additive QTL in pure selection, however,

allows selection for crossbred performance without crossbred data.

The use of non-additive QTL enables breeders to select for crossbred performance based on purebred
data (Dekkers et al., 2002). Limited benefits were obtained for QTL with partial dominance but these
results apply to a trait of moderate heritability (0.3) and observed in both sexes prior to selection. Greater
crossbred performance from optimal QTL selection resulted not only from greater QTL response, but
also from greater polygenic response. The use of QTL removes the requirement of crossbred testing
in combined crossbred and purebred selection, thereby saving important test resources and enabling
the short generation intervals of purebred selection. The choice between purebred QTL selection and
combined selection will depend on the proportion of non-additive genetic variation contributed by the
QTL, the impact of other factors that differentiate purebred from commercial performance, the increase
in generation intervals with combined crossing, and on the cost of crossbred testing vs. the cost of im-
plementing MAS. Benefits of using QTL could be further enhanced by mating based on QTL genotype

at the commercial level, which requires extensive genotyping at the multiplier level.

The advances made in the emerging fields of genomics will contribute to the future genetic improve-
ment of livestock breeds, and also creates oppertunity for new developments in this field. The availabillity
of high density marker maps, and the integration of MAS into animal breeding programs will assist animal
breeders not only with a better understanding of the underlying mechanisms of QTL inheritance, but

also to develop strategies to manipulate these economically inportant traits.
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Chapter 5

Concluding discussion

The developments made in the fields of molecular biology, bio-statistics, computer science and ev-
idently bioinformatics represents an unique opportunity to gain further insight into the underlying bi-
ological principles in animal breeding. Especially microsatellites offers animal scientists and genetisists
the opportunity to keep tract of the flow of genetic material through generations of farm animal species,
and to observe the dynamics of gene flow within indigenous populations. The need to observe the status
and structure of indigenous populations of farm animals will become an increasingly important issue in
order to supply genetic variation to the increasingly homozygous commercialised populations. Keeping
the population structure of reference populations healthy with good management principles in place will
also assure the future of species where especially crossbreeding and inbreeding in indigenous populations

tend to lessen the genetic diversity available for popular breeds.

Microsatellite analyses were performed on three different farm animal species, illustrating the ap-
plication of microsatellites in farm animal species. Statistical analyses performed revealed the levels of
diversity, heterozygosity and inbreeding status within different populations of two farm animal species.
A general trend was observed that the commercialised populations revealed a higher level of inbreeding
than most of the indigenous and reference populations or lines. AMOVA performed on the one of the
species, the chicken dataset, revealed that most of the variation within the dataset occured within the
lines investigated, with very little variation occuring between the lines. Important issues regarding
the justification of keeping the different lines seperate against reclassifying them into larger reference
populations are raised and needs to be addressed, but this can only be done when larger sample sizes
are genotyped, and needs to be investigated with great care to prevent the loss of any significant genetic

difference between the lines.
Variance analyses of the goat populations in this study justified the genetic characterisation of the

different breeds, with less variation occurring within the populations with reference to between the pop-

ulations. The Kalahari Red population was identified as the population with the most genetic divergence
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with regard to the other breeds investigated. Once again the indigenous populations showed lower levels
of inbreeding than the commercialised populations, and confirmed the importance of concerving the
genetic variation that occurs naturally within indigenous populations by enforcing good management

practices of these reference populations.

Cluster analysis performed on two of the farm animal species with known population stucture iden-
tified relatively good clusters when no known population structure was assumed. This lead to the inves-
tigation of the viabillity of inferring population structure of a large population with a good genotypic
data record, but with no known structure. It can be assumed, that based on the results of the cluster
analysis of the species of known population structure, the structure inferred for the swine population is
close to the real population structure. It is, however, very difficult to make any sense of the structure of
the swine dataset, without having a detailed look at the genotypes of the individuals in the population.
The subdivision of the population into the proposed structure, and an in depth analysis of the private
alleles found in this population when compared to other populations, may still reveal possible alleles
responsible for the survival of these individuals during the swine fewer outbreak in 2000, but genotypes

of individuals which are susceptable to the disease are required for this type of study.

The detection of QTL in farm animal populations with the aid of molecular markers, especially
microsatellite markers are recieving a lot of attention recently. Sound experimental design, together
with accurate data handling principles are essential to the success of QTL identification projects. The
design and requirements for a database to handle the phenotypic and genotypic data involved in a QTL
identification project regarding mohair traits in Angora goats, as well as the construction of such a
database was described in this document. The requirements set for such a data repository included easy
access, preferably using a web browser over the internet, with certain access restrictions to the users of
the database, easy and user-friendly uploading and querying of the data, and the availabillity to perform
batch data uploads to the database. A POSTGRESS database was designed, using PERL and CGI as the
underlying technologies to design web-pages as a front-end for the database. The success of the database
as a data repository for mohair QTL identification in Angora goats can, however, only be evaluated
when QTLs actually have been identified. The database does have the potential to become the primary
depository for QTL information regarding mohair traits of Angora goats, but only with more information

submitted to the database will this potential be realised.
There was a paradigm shift within biology, where the discipline changed from a situation where

only a few genes were available to study, to a situation where most of the genes and coding regions for

genes for the organism of interest are available. This lead to the "omics” era, in which high troughput
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biology plays a crucial part in information gathering. Interactions between genes, which includes systems
level interactions are now becomming the information source of choice for biologists. Already there is
talk about the post genomics era, where all the information regarding the genotype of organisms are
available, and the scientists are involved in searching for new interactions between data types and data
sets across genomes to describe the phenotype of organisms. Animal breeding has embraced the use of
high throughput biology techniques like microarrays, designing experiments with the aim to utilise the
power of these techniques to a certain extend. Utilising these technologies, together with the predictive
technologies of functional genomics, comparative genomics and structural biology, animal breeders have
a exciting prospect in discovering new functions of genes within farm animals, especially as the genomes

of more and more model organisms become available.

This study highlighted the various applications of microsatellite markers in animal breeding, and
showed that molecular markers such as microsatellites can be utilised as an effective tool in evaluating
and predicting the genetic structure and variabillity in farm animal populations. Microsatellite markers
can also be used in QTL identification projects, as long as sound data storage and management practices
are in place to handle the vast amounts of data generated in the course of these projects. The genomics era
also holds great prospects for future projects in animal breeding. With the advent of a more systems level
approach to the underlying genetic mechanisms involved in physiological and phenotypic characteristics,
the line between traditional disciplines within animal science may well be erased, allowing for close

collaborations between animal nutritionists, reproduction physiologists and animal breeders.
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Summary

Molecular biology has advanced to a level where keeping tract of the flow of genetic material through
generations and within populations are now a reality. DNA Microsattellite markers are, due to their high
level of polymorphisms and abundance in the genomes of farm animals, ideal candidates for monitoring
genetic variabillity. Descriptive statistics and populations parameters are easily calculated by utilizing
microsatellite information in various farm animal species, giving insight into the amount of genetic

variability available in different populations compared to each other.

Population parameters were calculated for six populations within two different farm animal species,
chickens and goats, and the genetic variabillity between the populations or lines within these species was
evaluated. Microsatellite information was also used to cluster these populations into different clusters,

and inference about the population structure of a swine population with an unknown structure was made.

Microsatellites also play an important role in identifying QTL involving phenotypic traits within
animal populations. This lead to the description and development of a database especially to aid in the

search of QTL involved in mohair traits of Angora goats.
Finally a brief glimps on the role animal breeding can possibly play in the genomic and post-genomic

era‘s was investigated, identifying some focus areas where research into animal traits and physiological

characteristics can still take place by utilising tools made available during this era.
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