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ABSTRACT: Variation in the mitochondrial DNA (mtDNA) con- 
trol region as detected by sequence-specific oligonucleotide (SSO) 
probes is described for 595 individuals from six European or Euro- 
pean-derived populations. Estimates of diversity for mtDNA types 
exceed 0.91 in all populations, while 50% of the 158 types which 
were observed occur only once. Of 68 shared types, most occur 
rarely (<3% of the total population); only one type occurs at a 
frequency greater than 10%, and it is present at comparable frequen- 
cies in all six populations (18-29%). An analysis of molecular 
variance (AMOVA) incorporating genetic distances between types 
shows that 100% of the variation present in the total sample is 
attributable to within-population diversity, while there are essen- 
tially no between-population differences. Another AMOVA was 
performed for the first hypervariable region SSO sites only, which 
included this sample plus an additional 537 SSO types from nine 
more European populations that were inferred from published 
mtDNA control region sequence data. Similar results were obtained, 
with over 99% of the variation overall attributable to within-popula- 
tion differences, and less than 1% of the variation attributable to 
between-population differences. The Saami were the most different 
from other populations, which had been observed in an earlier 
study of nucleotide sequence data. Overall, there is no statistically 
significant heterogeneity for European populations (p > 0.001), 
and these groups are virtually indistinguishable with respect to 
mtDNA SSO types. These results demonstrate the utility ofmtDNA 
typing for forensic investigations. 
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Mitochondrial DNA provides a potentially valuable locus for 
forensic DNA typing. The high number of polymorphisms present 
in the two hypervariable portions of the noncoding control region 
readily allow discrimination among individuals and have been used 
to infer population history and substructure (1-8). The likelihood of 
recovering mtDNA in small or degraded biological samples is 
greater than for nuclear DNA because mtDNA molecules are pres- 
ent in high copy number in all cells of the body except red blood 
cells (9). Therefore, bone, hair, muscle, skin, iand blood, even if  
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degraded by environmental insult or time, may provide enough 
material for typing the mtDNA locus. The use of mtDNA in 
forensic investigations is increasing (10-14) and procedural guide- 
lines are currently available (15-17). 

The use of a DNA locus for forensic typing demands comprehen- 
sive understanding of the population genetics of that locus. Unde- 
tected subpopulation heterogeneity may in theory result in bias 
when calculating the probability that a suspect contributed an 
evidentiary biological sample (18-23). As part of a project to 
examine variation in the mtDNA control region in worldwide 
populations, we report here the patterns of variation and extent 
of heterogeneity for European-derived populations. In a previous 
paper, we described variation in Asian populations (24), and in 
the future we will present data on African populations (25). We 
have relied on sequence-specific oligonucleotide (SSO) typing to 
detect the sequence variation present at 13 nucleotide positions 
in the mtDNA control region. This method is useful for rapidly 
surveying large numbers of individuals and populations. It is also 
an inexpensive alternative exclusionary technique for forensic 
investigations (10), compared to labor-intensive sequencing of the 
mtDNA control region. SSO typing of worldwide populations in 
a previous study revealed that an enormous amount of variation 
is dttectable by this method, and in fact, there is overall only a 
2.6% probability that two unrelated individuals will share the same 
SSO type (10). 

Methods 

In this study, 446 individuals of Europe a 9 ancestry were typed 
for sequence variants at 13 nucleotide positions in eight regions 
across the mtDNA control region. All samples were purified geno- 
mic DNA obtained from maternally unrelated individuals. The 
four typed populations were from France (Nantes and Brittany; 
N = 81), Switzerland (Bern; N = 46), Midwest United States 
(Michigan; N = 190), and Northeast United Siates (Pennsylvania; 
N = 129). All the above samples were collected for studies of 
VNTR frequencies or to establish forensic databases. An additional 
100 SSO types from British individuals were inferred from pub- 
lished mtDNA control region sequence data (26), and 49 SSO 
types from Germans (Giessen) were inferred from unpublished 
sequence data. 

SSO types also were inferred from published sequence data for 
the first hypervariable region of the mtDNA control region (four 
of the eight variant regions) for an additional 537 individuals from 
the following nine European populations: Saami (N = 115), Finn 
(N = 50), Karelian (N = 83), Estonian (N = 28), Volga Finnic 
(N = 34), Icelandic (N = 39) (all from 7); Swiss (N = 74) 
(27); Sardinian (N = 69) (3); and Basque (N = 45) (28). These 
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populations were used for an analysis of molecular variance which 
also included the first hypervariable region SSO types from the 
six populations described in the last paragraph. Figure 1 shows 
the locations of all the populations included in these analyses. 

The nonradioactive, sequence-specific oligonucleotide typing 
method used here and the arrangement into SSO types of individual 
results of the typing at each variant region are described in detail 
elsewhere (5,24). The SSO probes used were also previously 
described (24). 

The data set consisting of the control region SSO types from 
595 Europeans was examined with respect to type frequency distri- 
bution both overall and within the six populations. An unbiased 
estimate of diversity (h) and its variance were calculated to quantify 
the amount of mtDNA variation present in each population (24). 

An analysis of molecular variance (AMOVA, 29) was applied 
to the SSO types to measure the apportionment of diversity within 
and among the six populations for which data were available for 
both hypervariable regions and for all 15 populations for which 
data were available for the first hypervariable region. AMOVA as 
used for these analyses is described in detail elsewhere (24). In 
general, the method adds information about the genetic distances 
between pairs of SSO types to a traditional computation of variance 
components and F-statistics from mtDNA type frequency data to 
determine whether statistically significant population subdivision 
exists. A conventional sum of squared deviations was partitioned 
into variance components attributable to variation among 
populations (era 2) and variation within populations (~rb2). ~ST, the 
correlation of random SSO types within populations, relative to 
that of random pairs of types drawn from the entire data set, was 
also generated. 

Permutational procedures in AMOVA were used to test the 
significance of q~-statistics and variance components. To do this, 
for each AMOVA analysis a null distribution was generated by 
allocating every individual to a randomly chosen population while 
holding sample sizes constant over 1000 permutations. Probabili- 
ties of observing random variance components and �9 statistics 
greater than those generated in the analysis were reported. This 
form of significance testing is useful because concerns about the 

normality of underlying variance distributions can be ignored. All 
procedures were carried out with the AMOVA program, provided 
by L. Excoffier. 

Results 

Within the data set of 595 complete SSO types from six popula- 
tions, there were 158 different SSO types (Appendix A). Figure 
2 shows the distribution of types within the total sample. Seventy- 
three percent of all types were rare, occurring once (79 types) or 
twice (37 types). A single type occurred 131 times, or in 22% of 
the overall sample. This type is identical to that which would be 
inferred from the published reference sequence (30), which is 
known to be a mostly European sequence. Seven other types 
occurred in from 12 to 38 individuals apiece, or in from 2 to 6% 
of the total sample. 

Table 1 shows the SSO type sharing among the six populations. 
Ninety types occurred in just one of the six populations. Within 
this group, there were 79 "unique types," or types which occurred 
just once, and ! 1 "population specific types," types found more 
than once in a particular population. In this latter category, ten 
types occurred twice in their respective populations (frequencies 
of <2.5%), and one type occurred three times (frequency 3.7%). 
The remaining 68 types were "public types," shared by two or 
more of the six populations, with five types shared by all six 
populations. Figure 3 shows the breakdown of unique types, popu- 
lation specific types, and public types within each of the six popula- 
tions (calculated as frequency of kind of type relative to the total 
number of types). In all populations, there were more public types 
(always - 66%) than unique types (always ---31%), and few popu- 
lation specific types (-<5%), although there were no population 
specific types in either the German or Swiss. The frequency distri- 
bution of unique, population specific, and public types is not 
significantly different among populations by contingency table 
analysis (X 2 = 4.81, df = 10, p > 0.05). 

Table 2 shows the number of individuals and number of different 
SSO types observed in each population, along with estimates of 
population diversity (h) and their standard errors. Estimates of 
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FIG. l--Locations of populations in this study: (hypervariable regions 1 and 2) 1-British (26), 2-French, 3-German, 4-Midwest U.S., 5-Northeast 
U.S., 6-Swiss; (hypervariable region 1 only) 7-Saami, 8-Finn, 9-Karelian, lO-Estonian, ll-Volga Finnic, 12-1celandic (populations 7-12 are from 
reference 7), 13-Sardinian (3), 14-Swiss (27), 15-Basque (28). 
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FIG. 2--Distribution of mtDNA SSO types. 

TABLE 1--MtDNA SSO type sharing among populations: For 
example, 33 types are shared by 2 populations. 

Number of mtDNA Number of Populations 
Types Sharing 

90 1 
33 2 
14 3 
13 4 
3 5 
5 6 

TABLE 2--MtDNA SSO type diversity (h) for 6 European populations. 

No. of 
Population N SSO types h +- S.E. 

British 100 52 0.957 +_ 0.009 
French 81 43 0.922 + 0.016 
German 49 29 0.915 + 0.023 
Midwest U.S. 190 80 0.935 + 0.009 
Northeast U.S. 129 63 0.954 + 0.008 
Swiss 46 28 0.945 + 0.015 
TOTAL 595 158 0.941 + 0.005 

FIG. 3--Frequency distribution of unique types, population specific 
types, and shared types among populations. 

diversity were high, exceeding 0.91 for all populations. The mean 
diversity estimate for all six populations was 0.941 - 0.005. 

The most common SSO types and the SSO types shared by all 
six populations are described more fully in Fig. 4. Type 40 occurred 
in from 18% to 26% of individuals in each population, and was 
seen at highest frequency in Germans, and at lowest frequency in 
the British. This type has the profile 1-1-1-1-1-1-1-1, and is that 
which would be inferred from the published reference sequence 
(30). Types 51, 46, 113, and 48 were observed in 6%, 4%, 3%, 
and 3% of the total population respectively. Types 51 (1-1-1-1-2- 
1-1-1) and 46 (1-1-1-1-1-3-1-1) differ from type 40 at one site 
apiece, indicating that they are closely related. Two additional 
types, 65 and 122, occur at low frequency (in approximately 2% 
of the overall sample) but are shared by all populations. 

There was generally a low frequency of blank variants (regions 
for which none of the SSO probes hybridized, indicating unknown 
sequence variants). However, the frequency of blanks at region 
IIB ranged from 10 to 22% in the six populations typed at this 
position (data not shown). Blank variants at this frequency may 
cause a problem in an AMOVA analysis if they exist solely on 
the background of a particular SSO type. If different populations 
have similar frequencies of blanks, but the SSO profiles actually 



440 JOURNAL OF FORENSIC SCIENCES 

FIG. 4---Distribution of  the most common SSO types in populations. 

represent different sequence variants, populations will appear more 
similar than they really are. However, for this data set, blanks at 
region liB were observed on a multitude of SSO type backgrounds 
(the profiles of assembled SSO variants from across the entire 
control region). With 5 to 17 different backgrounds present, 
depending on the population, the frequency of any individual SSO 
type with a blank at variant region liB is low. For example, the 
British have a frequency of the IIB blank variant of 18%, distributed 
among 13 different SSO profiles. Examination of the complete 
nucleotide sequences from which these results were inferred 
reveals that there are seven different sequence variants at the liB 
probe region. If other European populations share the British pat- 
tern of variation, there are probably many different substitutions 
in this region which prevent probe annealing, and no population 
has a high frequency unique SSO profile which includes a blank 
for liB. 

AMOVA initially generated interpopulation dPST distances (anal- 
ogous to coancestry coefficients) for the populations in a pairwise 
distance matrix. The distance matrix for the six populations for 
which hypervariable regions 1 and 2 data were available is shown in 
Table 3, as are the significance values based on 1000 permutations, 
which indicate that there is no significant difference between any 
two pairs of populations with respect to their SSO types. Pairwise 
distances are quite small; a negative distance indicates that SSO 
types in different populations may actually be more closely related 
to each other than SSO types within the same population (L. 
Excoffier, personal communication). 

TABLE 3--dPsr between pairs of  populations are shown in lower left- 
hand matrix; p-values based on 1000 permutations are shown in 

upper right-hand matrix. I-British, 2-French, 3-German, 4-Midwest 
U.S., 5-Northeast U.S., 6-Swiss. 

1 2 3 4 5 6 

1 - -  0.318 0.243 0.360 0.642 0.644 
2 0.002 - -  0.594 0.421 0.535 0.423 
3 0.004 -0.003 - -  0.114 0.190 0.174 
4 0.001 -0.000 0.007 - -  0.981 0.769 
5 -0.002 -0.001 0.006 -0.005 - -  0.670 
6 -0.005 -0.000 0.010 -0.006 -0.004 - -  

Table 4 shows the pairwise distance matrix for the 15 populations 
for which there were data for the first hypervariable region only, 
which includes four of the eight possible SSO variant regions, and 
seven of 13 possible nucleotide positions. Although this sample 
included 1132 individuals, only 52 different SSO types were 
observed (Appendix B), out of a possible 192 (for both hypervari- 
able regions, there are a possible 27,648 types, because of the 
multiplicative effect of more sites), demonstrating the value of 
using more sites for more informative resolution of individuals. 
P-values for these distances indicate that, again, there are no signifi- 
cant differences between any two populations, with the exception 
of comparisons between the Saami and eight other populations, a 
result which had been reported earlier (7). There are also many 
negative distances, indicating the overall extreme homogeneity of 
these populations. 

The analysis of molecular variance results are shown in Table 
5. For the analysis including 15 populations and hypervariable 
region 1 only, the variance within populations accounts for 99.27% 
of the total variation present in the sample, whereas the variance 
among populations is only 0.73% (p = 0.005). When the Saami 
are removed from the analysis, the variance among populations 
decreases to 0.29% (p = 0.158, qbsT = 0.003), indicating that this 
population is responsible for a significant amount of the very 
minimal substructure that is actually present. When both hypervari- 
able regions are considered, the variance within populations is 
100.07% (again a reflection of the extreme similarity between 
populations), whereas the variance among populations attains a 
negative value of -0.07% (p = 0.563). Figure 5 shows the null 
distribution of the 1000 variances among populations generated 
in permutation testing and the observed value. In other words, 
these populations are virtually indistinguishable with respect to 
mtDNA SSO types. 

Discuss ion 

In comparison with an earlier assessment of Asian mtDNA 
SSO types (24), this analysis revealed much less complexity for 
European mtDNA SSO types. Overall, Asian populations were 
more diverse (0.996 -+ 0.001) than European populations (0.941 
--- 0.005), while there was statistically significant heterogeneity 
for the majority of population comparisons which was correlated 
with geographic relationships. For example, there was tess hetero- 
geneity within than between western Asian and eastern Asian 
populations, and heterogeneity generally increased with distance. 
European population genetic distances (Tables 3 and 4) do show 
a wide range of significance values, indicating subtle differences 
in the degree of relatedness between populations, but lower signifi- 
cance values are not correlated with any consistent geographic 
pattern, that is, p-values are not lower for populations which are 
most closely geographically affiliated, as they were for Asian 
populations. Significance values for the population pairwise 
genetic distances for both hypervariable regions are relatively high, 
with the lowest values (indicating the most heterogeneity) between 
the German group and Midwest U.S., Northeast U.S., and Swiss 
groups. 

Although the inclusion of nine additional populations, mostly 
from Eastern Europe, in an AMOVA analysis on the first hypervari- 
able region indicated the absence of heterogeneity as well, these 
results should be viewed cautiously. Because there are many fewer 
SSO types when only seven nucleotide positions are used in the 
analysis, there will be a higher probability of similarity among 
populations simply by chance. However, the robustness of the 
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TABLE 5--AMOVA results for the 6 populations which have SSO type 
data for both hypervariabIe regions 1 and 2 and for all 15 
populations with SSO type data on hypervariable region 1. 

Variance 
Control Components'~ P (~sT 
Region Populations* (r~ g2 (])ST and ~r~) 

HV 1 only 1-15 0.73 99.27 0.007 0.005 
HV 1 & 2 1-6 -0.07 100.07 -0.001 0.563 

*Populations are: 1-British, 2-French, 3-German, 4-Midwest U.S., 
5-Northeast U.S., 6-Swiss, 7-Saami, 8-Finn, 9-Karelian, 10-Estonian, 
ll-Volga Finnic, 12-Icelandic, 13-Sardinian, 14-Swiss, 15-Basque. 

t(r~ = variance among populations, cr~ = variance within populations. 

FIG. 5--Null distribution of the variance component (among popula- 
tions) obtained through 1000 random permutations of 595 individuals into 
six populations the sizes of those in this study. 

results (the average high p-value and high frequency of negative 
pairwise population distances) gives confidence that there is no 
significant heterogeneity among these populations for these seven 
sites. In addition, identical results were obtained from the complete 
nucleotide sequence of HV1 for nine of these populations (7), 
including the observation of heterogeneity between the Saami and 
other populations�9 In fact, the AMOVA distance of -0 .009 and 
significance value of 0.832 in the Saami/Basque comparison sup- 
ports the curious close relationship between these two populations, 
which was also previously observed (7). Remarkably, only seven 
nucleotide sites were necessary to reveal this, indicating that SSO 
typing has excellent resolving power. 

Asian populations had about the same proportion of different 
SSO types to sample size (0.26) as did European populations 
(0.27), but unlike Europeans, Asians had no single ubiquitous high 
frequency type, although there were four types which approached 
frequencies of 17% in several populations. Almost every European 
SSO type, with the exception of type 40, could be defined as a 
low frequency or rare type in Europeans, because frequencies never 
exceeded 9% in any population, and the vast majority of types 
occurred only once or twice. This pattern of variation, combined 
with the high diversity values in each population and lack of 
subpopulation heterogeneity, indicates that mtDNA is, overall, an 
excellent locus for forensic SSO typing in Europeans. 

However, it should be kept in mind that SSO type identity does 
not imply complete sequence identity. For example, in the British 
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sample, SSO type 40 occurs at a frequency of 18% (18 of 100), 
but in actuality, two of the 18 complete control region sequences 
which have this type are identical to each other, four other 
sequences are identical to each other and the remaining 12 are 
unique (26). Therefore, in a forensic investigation nucleotide 
sequencing would be necessary to further resolve any additional 
substitutions if this type were obtained. In fact, in a forensic 
investigation, an inclusion should always result in sequencing the 
hypervariable regions for the ultimate resolution in evaluating a 
match based on SSO typing (17). 

Although the Midwest and Northeast U.S. populations are not 
strictly defined "subpopulations," their lack of significant heteroge- 
neity with other European subpopulations which are more nalxowly 
defined is an indication that most of the mtDNA variation which 
was originally present in Europe is also present in European Ameri- 
cans. SSO diversity estimates are not different among European 
and North American populations, nor is the distribution of the 
most common types described in Fig. 4. The observed pattern is 
evolutionarily consistent with establishment of European popula- 
tions with a limited number ofmtDNA types, probably most closely 
related to type 40, with ensuing population expansion from this 
pool of types throughout Europe and North America. It is expected 
that further sampling of other North American populations of 
European ancestry would not reveal substantially different patterns 
of variation. 

The apportionment of variance is not surprising when there are 
no population pairwise genetic differences. The variance within 
populations of around 100% indicates that all the variation which 
is present in the total sample is, on average, present in any single 
population. The Saami do appear unique compared to all 14 other 
populations, and removing them from the analysis removed almost 
all population substructure. Their heterogeneity for SSO types can 
be attributed to sequence differences at probe variant positions IA, 
IB, and ID, three of the four regions which were typed. For the 
purposes of this analysis, we have assumed that the Saami are an 
unusual relict isolate, much like the aboriginal Taiwanese described 
elsewhere (24). Of 15 European populations analyzed here, they 
alone stand out. 

The AMOVA qbsT values of 0.007 (0.003 without the Saami) 
and -0.001,  which are analogous to FsT values, are the lowest 
values we have yet observed in continental SSO type AMOVA 
analyses. The lowest value for the Asian continent, obtained with 
the removal of the aboriginal Taiwanese, was 0.039. Although 
there is extremely high diversity there, statistically significant sub- 
structure is also present. For Europeans, there is also high diversity 
(somewhat lower than that observed in Asia), but a complete 
absence of substructure or heterogeneity. This had been observed 
by others previously (7,27) at the level of DNA sequencing. SSO 
typing of a larger and geographically more diverse European sam- 
ple encompassing more of the mtDNA control region confirms 
these observations and supports the use of mtDNA as a forensic 
typing locus. 
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APPENDIX A 

Data from Complete Control Region 

The first column shows the SSO type number and the profile of the SSO type. Numbered columns list the count of SSO types in 
the following populations: 1-British, 2-French, 3-German, 4-Midwest U.S., 5-Northeast U.S., 6-Swiss. The last column is the total across 
all populations. 

Population 4 
's'so type 1 2 3 5 6 Grand Total 
1 00122311 0 0 0 1 0 0 l i  
2 01111111 1 0 0 0 0 1 2' 
3 01112101 0 0 0 1 0 0 1 
4 01112311 0 0 1 1 i 0 2 
5 01112321 0 0 0 1 0 2: 
6 01122011 01 1 0 0 0 1 
7 01122201 01 0 0 1 0 0 1 
8 01122311" 0 0 0 0 1 1 2 
9 01312011 0' 0 1 1 11 0 3 
10 10012111 1 0 0 0 0] 0 1 
11 10111111 1 2 0 1 2! 3 9 
12 10112011 0 0 0 0 1; 0 1 
13 10112101 0 0 1 01 01 0 1 
14 10112121 0 1 0 0 0i 0 1 
15 10112311 0 0 0 0 11 0 1 
16 10121101 0 0 0 11 0i 0 1 
17 10121111 0 0 0 l i  1; 0 2 
18 10302011 1 0 0 01 0! 0 1 
19 10312011 2 0 0 1 0i 0 3 
20 10312111 2 0 ! 1 0 1 0 4 
21 10312121 0 0t 1 0, 0 0 1 
22 10312211 1 0 t 0 1 0' 0 2 
23 10312221 1 0l 01 01 1 0 2 
24 10312301 1 0 01 0 0 0 1 
25 10312311 0 0 01 0[ 0 1 1 
26 10322220 0 0 01 11 0 0 1 
27 11011111 0 0 0 01 1 0 1 
28 11012011 1 0 0 1 0~ 0 2 
,29 11100111 0 0 01 0, 1, 0 1 
'30 11101111 1 1 1 0! 0' 0 3 
,31 11110111 2 0 0 2 1 0 5 
;32 11110121 2 0 01 1, 1 0 4 
33 11110201 0 1 0 0, 0 0 1 
34 11110311 0 2 0 0i 0 0 2 
35 11111011 0 0 0t 1 0 0 1 
36 11111021 1 01 l i  0 0 0 2 
37 11111100 0 11 04 0, 0 0 1 
38 111'11101 0 II 0i 0, 0 0 1" 
39 11111110 0 01 0! 1 0 0 1 
40 11111111 18 211 14~ 4 4 : 2 4  10 131 
41 11111120 1 0: 1 1 1 0 4 
42 11111121 1 O! 0 4: 2 1 8 
43 11111211 3 21 01 21 2 0 g 
44 11111221 0 0 0, 1 0 0 1 
45 11111301 0 0 1 0 0 0 1 
46 11111311 7 6 3 5: 3 1 25 
47 11112001 0 0 O, O' 0 1 1 
48 11112011 3 0 1 4, 5 2 15 
49 11112021 0 11 0 2 3 0 8 

50 11112101 0 01 0 1 11 0i 
51 11112111 2 7 3 13 10 3; 
52 11112121 2 0 0 2 2 1 
53 11112211 0 0 0 0 1 1 
54 11112301 0 0 1 0 0 O 
55 11112311 0 0 0 0 2 0 
56 11112321 0 1 0 01 0 0' 

J 

57 11121011 0 0 0 01, 1 0 

58 11121111 3 0 1 2-1 3i 0, 
59 11121211 0 0 0 1 0 
60 11121311 1 1 1 2 0 
61 11122011 0 1 0 1 0 
62 11122101 0 I 0 Ol Ol 0 

11122111 o o 1 11 o! o 
64 11122311 0 0 01 01 l i  0 
65 11211111 3 1 21 51 2! 1 
66 11211311 0 0 01 11 1! 1 
67 11212011 0 0 01 It 0i 0 
68 11212111 0 0 1 0l 0! 01 
69 11221111 0 01 0~ 11 0i 0 
70 11311011 0 1[ 01 0i 1~ 0 
71 11311021 0 01 0 2t '01 0 
72 11311101 1 01 0 1 t 0 0 
73 11311111 0 2: 0 3, 6: 2 
74 11311121 0 0 0 2 O~ 0 
75 11311211 0 0 0 0 0 1 
76 11311311 0 3 0 0 0 0 
77 11312011 1 2 0 31 2 0 
78 11312021 Ol 0 0 1 0 1 

/ 

79 11312110 OI 0 0 0 1 0 
80 11312111 OI 1 0 4 1 1 
81 11312121 Oi 1 0 1 1 0 
~82 11312201 0i 0 0 1 0 0 
!83 11312211 O: 0 0 1 0 0 
84 11312311 0: 1 0 4, 0 0 
85 11312331 0 0 0 0[' 1 0 
86 11321111 1 0 0 0 3 0 
87 12012021 0 1 0 0 0 0 
88 12110021 1 0 0 0 0 0 
89 12111100 0 0 0 1 0 0 
90 "12112001 1 0 0 1 2 0 
91 12112021 0 0 1 1 2 1 
9 2 1 2 1 1 2 1 0 1 0 1 1 1 3 0  
93 12112110 0 0 0t 1 0  1 
94 12112111 0 0 01 1 0 0 
95 12112121 0 0 0 2 0 0 
96 12112131 0 0 0 1 0 0 
g7 12112311 0 0 "1 0 0 '0 
98 12112331 0 0 0t 2 0 0 
99 12122111 ,0 ~ ~ 0 ' 1 0 
100 12212131 0 , 1 0 0 
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A P P E N D I X  B 
Data  from First Hypervar iable  Control  Reg ion  

The first column shows the SSO type number and the profile of the SSO type. Numbered columns list the count of SSO types in 
the following populations: 1-British, 2-French, 3-GelTnan, 4-Midwest U.S.. 5-Northeast U.S�9 6-Swiss, 7-Saami, 8-Finn, 9-Karelian, 10- 
Estonian, l 1-Volga Finnic, 12-Icelandic, 13-Sardinian, 14-Swiss, 15-Base ue. The last column is the total across all populations. 

'SSO type 
r~' 0012 
'2 0111 
'3 0112 
'4 0131 

�9 Population1 0 3 ]4 

0 0 
1, 0 
o! 1 
01 0 
0' 0 
0 0 
0' 0 
1 o Ol o o 

l 

1 3 1 1 4 
0 0 o 

I 

2,, 1 
1 o Ol o2, o I 

0 21 21 

'5 0210 
'6 0211 
'7 0310 
~8 1001 
9 1011 

'10 1012 
! 

11 1030 
I 

12 1031 7 
"13 1032 0 
i14 1101 1 
15 1110 

'16 1111 
I 

17 1112 
I 

18 1121 
'19 1122 
20 t 131 
21 1132 /1  

t 

22 1201 0 
23 1211 i' 2 
24 1212 t 0 
25 1221 ~,,"0 
29 1231 ,I 0 
27 1311 i, 0 

t 

E8 1321 0 
29 2011 

1 

30 2012 0 
i 

31 2021 ' 1 
32 2032~ 0 

! 

'33 2101 , 2 
,, , i 

134 2 1 1 o ,  1 
35 2111 11 
136 2112 ~" 0 
! 

3,7 2121 2 
38 2122 0 

i | 

39 2131 ' 0 
'40 2210 I 0 
'41 2232 0 
42 3011 ' 
43  3031 ~ 1 

4~55 3t01 2 
I 3111 .... 5 
146 3112 ' 0 
i �9 

47 3131 0 
"48 3211 2~ 
?.9 3212 = o: 
,50 3221 ! ! 
,51 3230 
52 3231 
Grand Total 10 

6 7  I8 10o 
1 0 OI 0 0 0 

1 0 3 1  "', 0 0 '  2 0 
1 1  1o1 o o o o 
I I 0 0 0 0 
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0 1~ 0 O, 2 

o o, I , i  ' 0 OI 0 0 3, 
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0 0 7, 
0 0 4, 
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