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43.3
44

Gene 0.7868  0.8452 0.7541 0.8511 0.7926  0.5344  0.7572  0.7975  0.7975 0.8185
diversity

*Table shows allele frequencies for each Y-STR locus except DY S385a/b for which genotype frequencies are reported. The genotype
frequencies for DY S385a/b were calculated for the combination of two alleles.

Table 3.2

Allele and haplotype frequencies of 10 Y-STR loci among Coloured males (n=203).

Allele DYS710 DYS518 DYS644 DYS612 DYS626 DYS504 DYS447 DYS449 DYS481 Haplotype DYS385a/b
12 0.005 0.044 10 11 0.005
13 0.015 0.167 11 11 0.01
14 0.089 0.143 12 12 0.015
15 0.128 0.158 11 13 0.03
16 0.207 0.187 12 13 0.015
17 0.241 0.271 13 13 0.005
18 0.015 0.03 08_14 0.005
19 0.01 10_14 0.015
20 11_14 0.207
20.4 0.005 12 14 0.015
21 0.025 0.02 0.054 13 14 0.02
21.4 0.079 14 14 0.02
22 001  0.044 0.005 0.281 10 15 0.005
22.4 0.069 0.02 11 15 0.039
23 0.01 0.108 0.148 12 15 0.044
23.4 0.039 0.005 13 15 0.015
24 0.01 0.02 0.153 001  0.094 14 15 0.034
24.4 0.064 15_15 0.025
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40 0.001 0.03
40.2

41 0.005 0.005
41.2

42
42.2

43
43.3
44

Gene 0.929 0.865 0.8611 0.8519 0.8183 0.8194 0.7949 0.8674  0.8509 0.8721
diversity

*Table shows allele frequencies for each Y-STR locus except DY S385a/b for which genotype frequencies are reported. The genotype
frequencies for DY S385a/b were calculated for the combination of two alleles.

Table 3.3

Allele and haplotype frequencies of 10 Y-STR loci among Afrikaner males (n=101).

Allele DYS710 DYS518 DYS644 DYS612 DYS626 DYS504 DYS447 DYS449 DYS481 Haplotype DYS385a/b
12 11 11 0.01
13 0.06 0.05 11_12 0.01
14 0.1 0.178 11 13 0.02
15 0.069 0.1 13 13 0.02
16 0.416 0.149 10_14 0.01
17 0.257 0.475 11_14 0.347
18 0.01 0.05 12 14 0.01
19 13 14 0.079
20 14 14 0.02
20.4 11_15 0.129
21 0.01 0.069 12 15 0.01
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36.2 0.02
37 001  0.129
372
38 0.01 0.04
38.2
39
39.2
40 0.02
40.2
4
41.2
42
42.2
43
433
44

Gene 09283 0.8358 0.7459  0.7729 0.8438 0.7127 0.7602  0.8483  0.7687 0.792
diversity

*Table shows allele frequencies for each Y-STR locus except DY S385a/b for which genotype frequencies are reported. The genotype
frequencies for DY S385a/b were calculated for the combination of two alleles.

Table 3.4
Allele and haplotype frequencies of the 10 Y-STR loci among Asian Indian males (n=93).

Allele DYS710 DYS518 DYS644 DYS612 DYS626 DYS504 DYS447 DYS449 DYS481 Haplotype DYS385a/b
12 11 13 0.022
13 0.043 0.011 13 13 0.011
14 0.344 0.075 14 13 0.011
15 0.226 0.452 11_14 0.151

46



16
17
18
19
20
20.4
21
21.4
22
22.4
23
234
24
24.4
25
254
26
26.4
27
28
28.2
29
29.2
30
30.2
31
31.2
32
32.2

0.011
0.032
0.032
0.054

0.11
0.097
0.086

0.011

0.065

0.215
0.086
0.032
0.032

0.022

0.022
0.086

0.151

0.258

0.247

0.172

0.032

0.043

0.065

0.237
0.108

0.269

0.14

0.086

0.022

0.312
0.14
0.011

0.022
0.011

0.011
0.032
0.161

0.14
0.043
0.161
0.172
0.183

0.043
0.011

0.011

0.011

0.011

0.054

0.1
0.032

0.086

0.14

0.11

0.258

0.043

0.108

0.473

0.204

0.086

0.032

0.043
0.011

12_14
14 14
7 15
11_15
13 15
14 15
15 15
7 16
9 16
13 16
14 16
15_16
16_16
12 17
13 17
14 17
15 17
16_17
17 17
13 18
14 18
15_18
16_18
17 18
13 19
14 19
17 19
13 20
14 20

0.011
0.022
0.011
0.032
0.022
0.022
0.011
0.011
0.011
0.022
0.011
0.032
0.043
0.011
0.075
0.086

0.1
0.032
0.011
0.054
0.043
0.011
0.011
0.011
0.043
0.011
0.011
0.032
0.011

47



33 0.054 0.118 0.054 0.118

33.2 0.151
34 0.043 0.172 0.011 0.032
34.2 0.054
35 0.075 0.097 0.043
35.2 0.022
36 0.011 0.226 0.011
36.2 0.075
37 0.022 0.215
37.2 0.054
38 0.032
38.2 0.011
A 39 0.054
39.2
40 0.011
40.2
41
41.2
42
42.2
43
43.3
44
Gene 0.9308  0.8506 0.781  0.8179 0.8347 0.6807 0.8691 0.8738 0.7183 0.871
diversity

*Table shows allele frequencies for each Y-STR locus except DY S385a/b for which genotype frequencies are reported. The genotype
frequencies for DY S385a/b were calculated for the combination of two alleles.



Table 3.5

Allele and haplotype frequencies and gene diversity values of the overall population (n= 492).

Allele DYS710 DYS518 DYS644 DYS612 DYS626 DYS504 DYS447 DYS449 DYS481 Haplotype DYS385a/b
12 0.002 0.045 10_11 0.002
13 0.026 0.203 11 11 0.016
14 0.124 0.154 11_12 0.002
15 0.11 0.171 12 12 0.006
16 0.211 0.167 11_13 0.02
17 0.169 0.236 12 13 0.006
18 0.014 0.024 13 13 0.008
19 0.01 0.004 8 14 0.002
20 0.002 10_14 0.01
20.4 0.002 11_14 0.185
21 0043  0.002 0.01 0.045 12 14 0.01
21.4 0.091 13 14 0.024
22 0.012 0.03 0.012 0226 14 14 0.016
22.4 0.108 0.039 7 15 0.002
23 0.008 0159  0.002  0.185 10 15 0.002
23.4 0.045 0.01 11_15 0.049
24 0004  0.024 0136 0006 0111 12 15 0.02
24.4 0.041 13 15 0.012
25 0002  0.091 0311 0008  0.146 14 15 0.04
25.4 0.035 15_15 0.052
26 0.002 0.01 0.25 0211 0024 0116 7.16 0.002
26.4 0.012 9 16 0.006
27 0073 0215 0083 0114  0.104 11 16 0.008
28 0.002 0085  0.146 0016 0175  0.051 12 16 0.002
282  0.004 13 16 0.014
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29 0.006 0.116 0.148 0.006 0.15 0.006 14 16 0.012
29.2 0.012 15 16 0.055
30 0.012 0.006 0.242 0.049 0.154 0.006 16_16 0.039
30.2 0.032 11 17 0.002
31 0.051 0.014 0.187 0.024 0.122 12_17 0.004
31.2 0.061 13 17 0.022
32 0.071 0.041 0.144 0.008 0.126 0.004 14 17 0.024
32.2 0.053 15 17 0.045
33 0.079 0.132 0.067 0.002 0.067 16_17 0.053
33.2 0.183 17_17 0.022
34 0.077 0.179 0.014 0.02 12 18 0.002
34.2 0.061 13 18 0.016
35 0.091 0.172 0.018 14 18 0.014
35.2 0.041 15 18 0.002
36 0.069 0.191 0.012 16_18 0.03
36.2 0.03 17_18 0.02
37 0.018 0.14 18 18 0.002
37.2 0.018 13 19 0.01
38 0.01 0.053 14 19 0.008
38.2 0.004 15 19 0.01
39 0.002 0.028 16_19 0.016
39.2 0.002 17_19 0.016
40 0.004 0.028 19 19 0.004
40.2 12_20 0.002
41 0.002 0.008 13 20 0.008
41.2 0.002 14 20 0.012
42 0.004 15 20 0.022
42.2 16_20 0.022
43 17-20 0.004
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43.3
44

Gene 0.9203 0.8599 0.8752 0.8546 0.8363 0.8214 0.8075
diversity

0.8749

0.8539

14 21

15 21

17 .21

12 22
0.8713

0.002
0.002
0.002
0.002

*Table shows allele frequencies for each Y-STR locus except DY S385a/b for which genotype frequencies are reported. The genotype

frequencies for DY S385a/b were calculated for the combination of two alleles.
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3.1.2 Haplotypes shared by more than one male in different population groups

Table 3.6

Haplotypes shared by more than one Zulu male (n=95).

Haplotype n Frequency
DYS710, DYS518, DYS644, DYS612, DY S626,

DYS504, DYS447, DYS449, DYS481,DYS385a/b
33.2-34-22.4-28-26-13-25-28-26-(15/15) 2 0.02
36-40-25.4-21-25-14 -23-28- 25-(16/20) 2 0.02
32-37- 23.4-30-29-12-26-36- 25-(11/11) 2 0.02
33-35- 21.4-29-26-13-27-29-26-(15/16) 2 0.02
33.2-36-22.4-28-26-13-26-28-28-(16/17) 2 0.02
36-39-25.4-21-25-14-23-28- 25-(16/19) 2 0.02
35.2-38-25.4- 21-25-14-23-27-27(14/20) 2 0.02
33.2-35-22.4-27-26-13-25-28-26-(15/16) 2 0.02
33.2-36-23.4-27-27-13-25-30-27-(16/17) 2 0.02
33.2-36-21.4-30-28-13-26-33-23-(17/19) 3 0.03
33.2-34-22.4-27-26-13-25-28-26-(15/16) 5 0.05

*Haplotypes from duplicated locus DY S385 are presented in parenthesis.



Table 3.7

Haplotypes shared by more than one Coloured male (n=203).

Haplotype n Frequency
DYS710, DYS518, DYS644, DYS612, DY S626,

DYS504, DYS447, DYS449, DYS481,DYS385a/b
30.2-36-16-32-26-120-25-29-27-(15/16) 2 0.01
35-37-16-30- 27-17- 25-29- 21-(12/15) 2 0.01
35-33-17-31-26-16-25-30-22-(11/14) 2 0.01
31-34-16-30-27-15-26-27-27-(14/16) 2 0.01
33-34-21.4-31-31-13- 26-31- 25-(17/19) 2 0.01
31.2-33-17-30-28-17-23-32-25-(14/15) 2 0.01
34-37-17-28-26-14-23-34-28-(13/17) 2 0.01
31.2-36-26.4-22-25-14-23-27-25-(14/19) 2 0.01
33.2-35-22.4-27-26-13-25-27-27-(14/17) 2 0.01
35-33-16-30-27-16-24-29-22-(12/15) 2 0.01
33.2-35-17-30-28-17- 23-27- 25-(14/14) 2 0.01
40-38-19-29-27-15-25-27-24-(15/17) 2 0.01
29.2-36-24.4-31-29-16-24-25-260-(12/15) 2 0.01
35-33-17-33-26-17-24-28-22-(11/14) 3 0.015

*Haplotypes from duplicated locus DY S385 are presented in parenthesis.
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Table 3.8
Haplotypes shared by more than one Afrikaner male (n=101).

Haplotype n Frequency
DYS710, DYS518, DYS644, DYS612, DY S626,

DYS504, DYS447, DYS449, DY S481,DYS385a/b
32-34-16-33-26-14-25-28-27-(14/15) 2 0.02
34.2-33-16-31-29-18- 25-30- 22-(11/14) 2 0.02
31.2-37-14-31-29-15- 24-31- 24-(11/14) 2 0.02
34.2-34-16-30-26-170-26-28-25-(11/13) 2 0.02
33-37-13-30-28-14-24-32-23-(11/14) 2 0.02
31.2-33-16-30-29-17-23-30- 27-(14/15) 3 0.03

*Haplotypes from duplicated locus DY S385 are presented in parenthesis.

Table 3.9

Haplotypes shared by more than one Asian Indian male (n=93).

Haplotype n Frequency

DYS710, DYS518, DYS644, DYS612, DY S626,
DYS504, DYS447, DYS449, DYS481,DY S385a/b

33.2-33-15-31-28-16- 22.4-32-25-(15/17) 2 0.02
30-33-15-32-27-16-26-27-23-(13/17) 2 0.02
32-39-16-31-29-16-22-32-23-(14/17) 2 0.02
36.2-36-15-32-29-17- 22.4-32-24-(15/17) 2 0.02

*Haplotypes from duplicated locus DY S385 are presented in parenthesis.

54



3.1.3 Population comparisons
In this section the allele frequency distributions are shown for each population, while the

gene diversity is shown for each population group and the overall population.
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Figure 3.1. Allele frequency distribution of DYS710 within each population group. The
observed allele frequency is indicated on the Y-axis, allelic designation (in number of

repeats) for each locus is indicated on the X-axis.
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Figure 3.2. Allele frequency distribution of DY S518 within each population group. The

observed allele frequency is indicated on the Y-axis, allelic designation (in number of

repeats) for each locus is indicated on the X-axis.
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Figure 3.3. Allele frequency distribution of DY S644 within each population group. The

observed allele frequency is indicated on the Y-axis, allelic designation (in number of

repeats) for each locus is indicated on the X-axis.
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Figure 3.4. Allele frequency distribution of DYS612 within each population group. The
observed allele frequency is indicated on the Y-axis, allelic designation (in number of

repeats) for each locus is indicated on the X-axis.
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Figure 3.5. Allele frequency distribution of DY S626 within each population group. The
observed allele frequency is indicated on the Y-axis, allelic designation (in number of

repeats) for each locus is indicated on the X-axis.
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Figure 3.6. Allele frequency distribution of DY S504 within each population group. The
observed allele frequency is indicated on the Y-axis, allelic designation (in number of

repeats) for each locus is indicated on the X-axis.
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Figure 3.7. Allele frequency distribution of DY S447 within each population group. The
observed allele frequency is indicated on the Y-axis, allelic designation (in number of

repeats) for each locus is indicated on the X-axis.
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Figure 3.8. Allele frequency distribution of DY S449 within each population group. The

observed allele frequency is indicated on the Y-axis, allelic designation (in number of

repeats) for each locus is indicated on the X-axis.
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Figure 3.9. Allele frequency distribution of DY S481 within each population group. The
observed allele frequency is indicated on the Y-axis, allelic designation (in number of

repeats) for each locus is indicated on the X-axis.
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Figure 3.10. Gene diversity values for each 10 Y-STR loci, within each population group.
All Y-axes indicate the gene diversity values. All X-axes indicate ten Y-STR loci within each

population group.
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Figure 3.11. Gene diversity values among all 492 male individuals combined. All Y-axes

indicate the gene diversity values. All X-axes indicate ten Y-STR within the four South

African population groups.

3.1.4 Forensic parameters

Table 3.10

Forensic parameters of the four South African populations. N = sample size, n haplotypes =

number of different haplotypes in the sample, HD = Haplotype Diversity, DC =

Discrimination Capacity.

Zulu | Coloured | Afrikaner Asian Overall
Indian
N 95 203 101 93 492
n 80 187 94 89 448
haplotypes
HD 0.9943 0.999 0.9982 0.9981 0.9981
DC 0.8421 0.9212 0.9307 0.9106 0.9106
Unique 86% 92% 94% 96% 92%
haplotypes
Shared 14% 8% 6% 4% 8%
haplotypes
Table 3:11
Haplotype sharing information.
Population Zulu Coloured Afrikaner Asian Indian
n=95 n= 203 n=101 n=93
Zulu 11 none none none
Coloured none 14 none 1
Afrikaner none none 6 none
Asian Indian none 1 none 4
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3.2 Genetic relationship between groups

3.2.1 AMOVA results: Non-hierarchical analyses

Table 3.12

AMOVA results computed using haplotype frequencies, based on 9 Y-STR loci (locus

DYS385a/b was excluded in the analysis).

Source of df Sum of Variance Percentage of
variation squares components variation
Among 3 1.884 0.00110 Va 0.22
populations

Within 488 | 243.494 0.49896 Vb 99.78
populations

Total 491 | 245.378 0.50006

Fixation index FST: 0.00220

Significance tests (1023 permutations)

Vaand FST: P (rand. value > obs. value) = 0.0000

P (rand. Value= obs. Value) = 0.0000

P-value = 0.00000+- 0.00000



Table 3.13

AMOVA results computed using distance matrix, based on 9 Y-STR loci (locus DY S385a/b

was excluded in the analysis).

Source of df Sum of Variance Percentage of
variation squares components variation
Among 3 93.292 0.23390 Va 5.97
populations

Within 488 | 1798.253 3.68494 Vb 94.03
populations

Total 491 | 1891.545 3.91885

Fixation index FST: 0.05969

Significance tests (1023 permutations)

Va and FST: P (rand. value > obs. value) = 0.00000

P (rand. value = obs. value) = 0.00000

P-value = 0.00000+-0.00000

63



3.2.2 Populations pairwise —genetic distance (Fst)

Table 3.14

Y- STR haplotype pairwise Fst values for four South African populations (locus DY S385 a/b

was excluded in the analysis. All pairwise comparisons are significant.

Zulu Coloured Afrikaner Asian Indian
(Significance of Fst)

Zulu 0.00000 - - -
Coloured 0.00353 0.00000 - -
Afrikaner 0.00405 0.00118 0.00000 -

Asian Indian 0.00373 0.00080 0.00126 0.00000
(Fst)

3.2.3 Factorial Correspondence Analysis (FCA)

e

©

Asian lndiaﬂ

" Afrikaner
sl

Figure 3.12. Factorial Correspondence Analysis of the UWC 10 locus data set for the

different samples in four South African populations.”
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Chapter 4 - Discussion

4.1 Population parameters; allele and haplotype frequencies
The allelic frequency defines the frequency of a given variant at a locus where more than one

allele has been detected. The allelic frequencies of any particular locus depict the gene
diversity value of such loci in different populations. Loci with high gene diversity are highly
polymorphic. Therefore in forensic testing allelic frequency is used to evaluate the level of
polymorphism of the loci.

In contrary the haplotype frequency of Y-STRs is essential in the calculation of match
probability in forensic cases. According to Foreman and Evert, 2001 once a match has been
found between the DNA profile of a perpetrator, x say, and that of a crime scene sample, it is
now standard practice to report the weight of the DNA evidence in terms of a match
probability. Given that x is not the source of the crime stain, this represents the probability
that another individual in the relevant population would share the matching profile. The
probability of obtaining a match between two distinct and unrelated individuals (PM)

provides a measure of the discriminating power of the profiling system.

4.1.1 Allele and haplotype frequencies for Zulu males
Gene diversity values for the Zulu males ranges from 0.5344 for DY S504 to 0.8511 for
DYS612 as shown in table 3.1.The gene diversity values are high indicating that all the loci

are highly polymorphic; as a result they can be useful in forensic casework in this population.

4.1.2 Allele and haplotype frequencies for Coloured males
Gene diversity values for the Coloured males ranges from 0.7949 for DY S447 to 0.929 for
DYS710 as shown in table 3.2. The gene diversity values are high indicating that all the loci

are highly polymorphic; as a result they can be used in forensic casework in this population.
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4.1.3 Allele and haplotype frequencies for Afrikaner males
Gene diversity values for the Afrikaner males ranges from 0.7127 for DY S504 to 0.9283 for
DYS710 as shown in table 3.3. High gene diversity value implies that all the loci are highly

polymorphic; hence they can be used in forensic casework in this population.

4.1.4 Allele and haplotype frequencies for Asian Indian males
Gene diversity values for the Asian Indian males ranges from 0.6807 for DY S504 to 0.9308
for DYS710 as shown in table 3.4. High gene diversity value implies that all the loci are

highly polymorphic; hence they can be used in forensic casework in this population

4.1.5 Allele and haplotype frequencies for the overall population

According to figure 3.10 the gene diversity values per locus for the overall population range
from 0.8075 for DY S447 to 0.9203 for DYS710. The gene diversity values indicate that all
the markers are highly polymorphic; therefore they are suitable for forensic case work in
South African population. These findings are consistent with the one of the initial study
where all the 10 plex loci displayed high level of polymorphism, not only for each population
group but for the overall population (D’Amato et al, 2011).

The most informative marker is DYS710.This is attributed to its high allelic ranges, hence
higher gene diversity value. It was also the most informative marker in each South African

population studied and in the overall population. (D’ Amato et al, 2011).

The UWC 10 plex consists of two unique loci which have intermediate alleles; DYS447 and
DYS644. Intermediate alleles of locus DY S447 were most frequently found in Indian Asian
population. On the other hand the intermediate alleles of locus DY S644 were more common
in Zulu and Coloured populations. They are less common in Afrikaner and Asian Indian
groups. Though intermediate alleles occur in low frequencies, their presence could be

valuable for better understanding for better understanding of diversity within the Y
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chromosome gene pool (Myres et al, 2007). The occurrence of intermediate alleles also

increase the discrimination power forensic DNA evidence (Serin et al, 2011).

4.2 Population comparisons

Figure 3.1 to figure 3.9 are graphical representations of allele frequency distributions among
the populations studied for each locus in the four populations.

All the population have high number of allelic ranges nearly in all loci. High allelic ranges
results in high gene diversity value which has been observed across all the population groups

and in the overall populations as indicated in figure 3.10 and 3.11.

All Y-STR loci show a unimodal distribution with one frequent allele and with less frequent
adjacent alleles, differing by one repeat unit from the most frequent allele. Therefore, the
distribution of chromosome Y STR alleles appears to be in accordance with the often
proposed step-wise mutation model whereby new alleles of a STR-locus descend from the

ancestral allele by deletions or expansions of one repeat unit. (de Knijff et al, 1997).

Similar unimodal distribution was found in other studies (de Knijff et al, 1997; Kayser et al,
2001). Across the regions, the most frequent allele differs for nearly all loci. For example
DYS710, allele 33.2 is the most frequent allele in all the four populations except in Afrikaner.
In Zulu allele 33.2 is found in 42 % of the population, in Coloured allele 33.2 is found in 13
% of the population, and in Asian Indian it in 15 % of the population .Allele 35 is most

frequently allele in Afrikaner population found in 12 % of the population.

4.3 Forensic parameters

The levels of genetic diversity for the haplotypes and the Discrimination Capacity per
population group and the overall population and other forensic parameters are indicated in
table 3.10. As expected, the most diverse population is Coloured (0.999), followed by

Afrikaner (0.9982), Asian Indian (0.9981) and Zulu (0.9943). The highest genetic diversity
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of the Coloured population is due to its complex history of admixture. The Coloured came
about as a result of enslavement by European settlers at the Cape. According to Patterson et
al, 2010, the settlers were mostly Dutch, with some French and German. Major ethnic
contributions to the Cape slaves were made from East Africa (Mozambique), Madagascar
(and surrounding islands), India (a variety of populations including Coromandel, Malabar,
Bengal and Ceylon, now Sri Lanka) and substantial numbers from Indonesia (more
specifically Java, Batak, Bali and Bugis and Makassar from the Celebes). Together with the
Khoisan they contributed to the Coloured gene pool making hence making the population to

be the most diverse human population in South Africa.

Haplotype diversity and discrimination capacity for the studied overall population were found
to be 0.999128 and 0.95588 respectively, which imply that the 10Y-STR loci studied in the
South African population are highly polymorphic. The high level polymorphism has also
been found in each population group studied. The results of this study support the forensic
case work utility of these loci in South African population groups. Previously the
performance in DC of the UWC 10 plex was carried out in comparison with other
commercially used Y-STR typing systems on South African populations (D’Amato et al.,
2011). It was tested on the Xhosa, European Caucasian and Asian Indians. The UWC 10 plex
outperformed the other typing system, as it showed the highest DC not only for each

population group but also for the overall population.

In comparison to other Y-STR genotyping systems, the discriminatory capacity of 10 plex

were higher than those reported for AmpFISTR® Yfiler® for in the Xhosa populations in

South Africa (D’Amato et al, 2011). However the discriminatory capacity of the UWC 10
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plex in comparison with AmpFISTR® Yfiler® is lower than those reported in Botswana

(unpublished data).

The advantage of 10 plex over other Y-STR typing system is that sufficient degree of
informativeness can be achieved using less number of loci which is cheaper. UWC 10 plex
consists of 10 loci which is a much lesser number of loci as compared to currently used
commercially Y-STRs typing system such as Yfiler® Plus Kit which has 27 loci and the

PowerPlex Y23 System which has 23 loci.

4.4 Genetic relationships between populations
Genetic relationship between the populations was tested by AMOVA, population pairwise Fst

and Factorial Correspondence Analysis.

4.4.1 AMOVA analysis: Non-hierarchical analyses

4.4.1.1 AMOVA computed from haplotype frequencies
According to the AMOVA computed results using haplotype frequencies as indicated in table

3.12 approximately 0.22 % of the total genetic variation between the four populations was
due to the variability among populations, with the highest variability of approximately 99.78
% within populations. This is an indication that genetic most variation is contained within

populations.

The non significant percentages of variance of (0.22 %) among groups indicate that all the
four tested South African population are similar. This similarity is probably as a result of
haplotypes that are shared by different populations. However the sharing of haplotypes
between different populations occurred only between the Coloured and the Zulu as indicated
in table 3.11; which is a sign of gene flow. There is a lot of admixture in between the

coloured population and other groups. This is in good according with historical documents.
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Genetic studies have also shown that the coloured population group has genetic contributions
from different groups such as Xhosa, Khoisan, European and Asians (Jenkin et al, 1990: De

wet et al, 2010) hence shared haplotypes with other population groups.

This result is only true for the coloured populations, as the rest of other population groups
had no shared haplotypes among them due to restricted gene flow. This is an indication that
AMOVA using haplotype frequencies is not sensitive enough detect levels of differences
among the population groups. Considering the high haplotype diversity of the overall
population, it can be argued that each sample contains nearly all single, non repeated
elements, AMOVA using haplotype frequencies reads extremely high level of variation hence

it fails to detect such levels of variation.

The corresponding value of this variation was evaluated by the coancestory coefficient, Fst
which measures the amount of differentiation of two or more populations which originate
from the common ancestor as a result of genetic drift. As indicated in table 3.12, the Fst
(0.00220) is significant indicating that there is genetic differentiation at Y-STRs among the
studied South African population groups; hence there is restricted gene flow. The estimated
Fst results are accordance with one of the earlier findings, using the markers of the minimal
haplotypes on various population groups of South Africa (D’ Amato et al, 2008). D‘Amato et
al, 2008 used similar populations as the ones in this study; however Xhosa was used instead

of Zulu which is the case in this study.

4.4.1.2 AMOVA computed using distance matrix
According to the AMOVA results computed using distance matrix as indicated in table 3.13,
approximately 5.97 % of the total genetic variation between the four populations was due to

the variability among populations, while 94.03 % of is variability is within populations.
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This shows significant differences between populations. The differences among populations
detected by AMOVA analysis using distance matrix is also being supported by population
pairwise results. Genetic differentiation among South African populations is supported by the
limited level of admixture (gene flow) between them. This could be most probably due to
differences in social, cultural and ethnical backgrounds. For example Asian Indians practice
strict religion which does not permit marriage outside this ethnic group. The Zulu is also
genetically different from Asian Indian, despite that they both reside in the Kwa-Zulu Natal

Province; there was restricted gene flow between the two populations.

The coancestory coefficient, Fst (0.05969) indicates genetic differentiation. The Fst
computed using distance matrix (0.05969) is more sensitive in terms differentiation detection
as compared with Fst computed using haplotype frequencies (0.00220). In spite of that they

both show genetic differentiation among populations, though in varying magnitude.

From the findings of AMOVA it has been found that AMOVA works differently if use
distance matrix. This is due to the fact that when you just use haplotype frequencies, nearly
every single element is different from the other, while when you use distance matrix, it picks
up elements which are closer to each other, and see whether the distance between elements

within a sample is different from the distance between them and any other sample.

4.4.2 Population pair-wise genetic distance (Fst)
The 0.22 % of the total genetic variation among populations found in AMOVA was

explained further by pairwise Fst values as shown in table 3.14. All the pairwise comparisons
are significant, implying that the populations are different from each other. The highest
genetic differentiation is found between Zulu and Afrikaner males, followed by Zulu and
Asian Indian males. This could be explained by restricted level of gene flow between the

populations.
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The observation in population pairwise genetic distance has also been observed in AMOVA
using distance matrix, as well as in coancestory coefficient and Fst computed using both

kinds AMOVA; haplotype frequencies and distant matrix.

4.4.3 Factorial Correspondence Analysis (FCA)

The scatter plot of FCA of the Y-STR genotypes by population groups in figure 3.12 showed
that the coloured population group is in the intermediate position of the FCA. The Zulu is
located on the extreme left of the FCA plot, while the Asian Indian is on the extreme top
right. The intermediate position of the Coloured population indicates they are admixed.
Historical documents have shown that the Coloured population came about as a result from
contribution from different population groups such as the KhoiSan (Boonzaaier et al ,1996),
Bantu, Indian, Malay, Malagasy and Dutch ( Peterson et al, 2013; Quintana-Murci et al,

2010).

The intermediate position of the Coloured population in the scatter plot of FCA has also been
observed by D’Amato et al, 2008 using the markers of the minimal haplotype. The trend in

the scatter plot of FCA results has also been observed in other studies using different kinds of
markers such as mtDNA and SNPs respectively (Quintana-Murci et al, 2010; Patterson et al,

2010).

The Afrikaner population group is close to the Coloured population in the scatter plot of
FCA. This is in good accord with historical records because the Afrikaner originates from
Dutch settlers who were colonisers at the Cape of Good Hope, now Cape Town (Shell, 1994).
The Afrikaner population is also more closely related to the Asian Indian population because

of their common indoeuropean ancestry (Chang et al, 2015).

Zulus are distant from the rest of other population groups. They are no shared haplotypes

between this population group and all the other tested groups. There is only one shared
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haplotype between the Coloured and Asian Indian population groups. The shared haplotype is
expected between these two population groups because of the admixture nature of the

Coloured population group.

FCA is in accord with Fst, AMOVA and historical records.
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Chapter 5 - Conclusion

The study showed that the University of the Western Cape 10 locus is a powerful
discrimination tool for routine forensic applications and could be used in genealogical
investigations as compared to other commercial kits when used on the South African
populations (Zulu, Coloured, Afrikaner and Asian Indian). This confirms the previously
published results on other South African populations such as the Xhosa and English
Caucasian(D’Amato et al, 2011). The data from this study will be used to establish a Y-STR

reference DNA database hosted at the University of the Western Cape (UWC).

This study is part of the project which is on-going to optimise and validate UWC 10 —plex by
using new dyes other than the Applied Biosystems ones which were used in the original
version of the 10 plex.

Genetic substructure has been found in the studied population groups. The more closely
related are Coloured and the all other tested groups due to their admixed nature, having
genetic components form all the other tested groups. Asian Indian is more closely related to

Afrikaner due to their common indoeuropean ancestry.

Though this study and the one done by (D’ Amato et al, 2011) reflects virtually the genetic
population substructure of South Africa further studies are needed to determine the genetic
substructure of other South African Bantu —Speakers such as the Sotho-Tswana, the Venda
and the Tsonga. In that manner the data can be used for forensic applications as well as for
evolutionary studies. This will enable a clearer understanding of some of the key events in the
demography and history of South Africa. It would be of be valuable in future to further

analyse these population groups through identifying the Y-haplogroups using SNPs.
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Appendix

1. DNA extraction, quantification and working solution
1.1. Extraction of DNA from buccal swabs
For collection of samples buccal swabs were rubbed along cheeks on the inside of the mouth

for approximately 30 seconds to collect cheek cells. This can be done by the collector or by
the individual being sampled himself. The following salting out DNA extraction protocol was
then performed for each sample.

1.1.1Reagents

a) Lysis buffer Stock solution
400 mM NacCl 2M

10 mM Tris-CIH P™ =8 1M

2 Mm EDTA 0.5M

1% SDS MW=288.4

b) Proteinase K stock is kept at-20 °C and working solution should be at final concentration
0.1 mg/ml.
c¢) Alcohol: Ethanol 99% or isopropanol at -20 ° C and ethanol 70 % at -20 °C

d) 5 M NaCl

Preparation of the lysis buffer

All ingredients were added in 80 % of their final volume in distilled water. SDS was added
and the solution was left in the oven at 60 °C until fully dissolved. The volume was
transferred to a volumetric flask, and the necessary SABAX water was added to get the

desired volume.
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Procedure for DNA extraction

1. The surface of the swab was cut with a clean scapel/surgery blade on a clean surface
(sterile petri dish or small plastic bag) on top of a tray.

2. 3 ul of proteinase K (20 mg/ml) and 600 pl of lysis buffer were added to either 1.5 or 2 ml

tube Eppendorf tube.

3. Little pieces of excised swab were transferred to the Eppendorf tube and vortexed for 30

seconds. The swabs were incubated overnight at 56 °C overnight.

4. The volume was transferred to a clean tube.

5. In order to recover the lysis solution with biological material which is still trapped between
pieces of swab, the experiment was preceded as follows; the end of a 0.5 ml tube was
perforated with a needle (21-22 gauge).

6. The perforated tube was placed inside of a 1.5 ml Eppendorf tube and spun for 1 min in a
microcentrifudge. The collected volume was added to the previously separated lysis material.
7. Precipitation was done by adding 1/3 volume of 5 M NaCl and the tube(s) was shaken
vigorously for 15 seconds.

8. The sample from the above step was centrifuged for 15 minutes at 5000rpm and the
supernatant with DNA was transferred to another tube.

9 .Equal volume of cold isopropanol was added to the supernatant with DNA and left for 15
minutes at -150 °C.

10. The DNA was pelleted by centrifugation at 14,000 rpm for 30 minutes.

11. The pellet was washed with 100 pul of 70 % ethanol to remove the salts and centrifuged at
14,000 rpm for 15 minutes.

12. The pellet was dried shortly in Speedy Vac or at 65 ° C. Precaution was taken in order to

prevent the DNA from becoming too dry since it will hardly dissolve.
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13. The DNA was then dissolved in 30 ul SABAX water and stored at -20 °C.

1.2. Quantification

1. 1ul of the extracted DNA from each sample was used for quantification using nanodrop
ND 1000 spectrophotometer.

2. The DNA concentration was determined from the nanodrop readings.

3. Working stock dilutions of 2 ng/ul were made for all the DNA samples. Both the original

stock and working stock solutions were stored at -20 °C.
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