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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 993 individuals in 11 ethnic Asian popula-
tions. Estimates of diversity for mtDNA types exceed 0.94 in all
populations, while 53% of the 255 types that were observed occur
only once. Of 96 shared types, four occur at frequencies of greater
than 10% but less than 17% in any one population. There is statisti-
cally significant heterogeneity among these 11 populations, how-
ever, an analysis of variance incorporating genetic distances
between types shows that at least 95% of the variation present in
the total sample is attributable to within-population diversity, while
only 5% is due to between-population differences. Overall, hetero-
geneity with respect to mtDNA SSO types is grossly correlated
with geographic distance between populations; the most extreme
heterogeneity was observed between populations from East Asia
and populations from West Asia. With respect to population genet-
ics, the control region of mtDNA exhibits satisfactory qualities as
a DNA typing locus.

KEYWORDS: forensic science, mitochondrial DNA, population
genetics, Asian populations, sequence-specific oligonucleotide typ-
ing, analysis of molecular variance

Polymorphisms observed in the haploid genetic system of mito-
chondrial DNA provide a valuable source of discrimination
between individuals (1-6). MtDN A matching in forensic investiga-
tions is increasing (7-10) while guidelines for its use are becoming
available to the forensics community (11,12). Although sequencing
of the hypervariable control regton of mtDNA would provide the
highest resolution for matching.samples in a forensic investigation,
an inexpensive alternative exclusionary technique is sequence-
specific oligonucleotide (SSO) typing (7). In this system, oligonu-
cleotide probes can detect an enormous amount of nucleotide varia-
tion at 13 sites across the control region. For example, SSO typing
of 525 individuals from five ethnic groups revealed that there is
only a 2.6% probability that two unrelated individuals will share
the same SSO type (7).

The issue of undetected population genetic substructure has been
hotly debated for VNTR loci (13-18). When allele frequencies of
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nuclear genes in unsampled ethnic subpopulations deviate substan-
tially from those measured in major racial groups, match probabili-
ties could, in theory, be biased against a suspect. It is legitimate
to raise the question of heterogeneity of mtDNA types within racial
groups as well. The maternal mode of inheritance and lack of
recombination in mtDNA (19) have justified numerous studies of
population history (1,2,5,20-22); individuals within populations
share nucleotide substitutions that reflect a common source and
that have persisted through population expansions.

SSO typing has detected heterogeneity among African-Ameri-
cans, Asians, European-Americans, Japanese, and Mexicans based
on frequencies of nucleotide sequence variants (7). In addition,
logistic regression methods revealed that mtDNA types are some-
what predictive of ethnicity (23). However, within the broad racial
classifications which are conventionally used to define U.S. foren-
sics databases (African, European, Asian, Hispanic, and Native
American), there has been no examination of heterogeneity of
mtDNA types among ethnic subpopulations. As part of a project
to examine variation among African, Asian, and European subpop-
ulations, we report here the extent of heterogeneity for mtDNA
SSO types within reasonably well-defined ethnic subpopulations
of Asians.

Methods

In this study, 993 individuals were typed for sequence variants
at 13 nucleotide positions in 8 regions across the mtDNA control
region. All samples were purified genomic DNA obtained from
maternally unrelated individuals. The 11 populations studied are
from the following areas:

* Bomneo: 91 samples from the Barito River area (southeast
Borneo).

» Bangladesh: 31 samples collected from immigrants (male
workers) to Singapore.

*» China: 103 samples from southern (Han) Chinese immigrants
to Singapore.

* Philippines: 60 samples from immigrants (female workers) to
Singapore, 96 samples from the northern island of Ilocano (pro-
vided by Roche Laboratories), and 19 samples from Filipino U.S.
military personnel.

* Southern India: 73 samples from immigrants to Singapore
from southern India and Sri Lanka, primarily of Dravidian origin.

* Northern India: 47 samples from Sikhs who immigrated to
Singapore.

* East Indonesia: 93 samples from the Nusa Tenggaras (Alor,
21; Flores, 21; Roti, 26; Timor, 25), and 49 samples from the
Moluccas (Hiri, 26; Ternate, 23).
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« Java: 96 samples from rural areas of central Java, near
Semarang.

* Malaysia: 81 samples from native Malays.

« Pakistan: 73 samples from Pushtoons of Peshwar in north-
west Pakistan.

» Taiwan: 81 samples from four aboriginal groups (Ami, 22;
Atayal, 20; Bunun, 19; Paiwan, 20).

Figure 1 shows the locations and sample sizes of these popula-
tions and their component subgroups.

The SSO typing method used here was described in detail else-
where (21). Seventeen of the 21 probes were identical to those
used in a previous study (7), while four others used in that study
(A3, IC2, IC3, I1A2) were slightly modified by the addition or
removal of nucleotides from the 5’ or 3’ ends to increase specificity
(21). Probes IIE1 and IIE2 (7) were not used in this study because
of problems with cross-hybridization, which presumably arise
because these probes detect variation in the length of a run of
consecutive cytosine residues, and not single nucleotide substi-
tutions.

Individual results of the SSO typing at each variant region were
arranged into a composite mtDNA SSO type. For example, the
mtDNA type 1-1-2-1-2-1-1-0 indicates that probe variant IAl
annealed in the IA region, IB1 annealed in the IB region, etc. A
“0” indicates that a blank result for the above example was obtained
for the IID variant. A blank result for IID occurs either when a
substitution in a nearby site prevents probe annealing, or when a
nucleotide other than A or G is present at position 247 (the IID
probe specific site). While blanks in different individuals for a
probe region could reflect different substitutions, for the purpose
of analysis blanks are considered to be the same variant. For
forensic purposes, an SSO type, or profile, is equivalent to a single
locus which may be compared among individuals; type frequencies
are therefore much like allele frequencies.

The data set, consisting of SSO types of 993 Asians, was exam-
ined with respect to type frequency distribution both overall and
within 11 populations and eight subgroups within three of these
populations (Filipino, E. Indonesian, and Taiwanese). An unbiased
estimate of diversity (k) was calculated to quantify the amount of
mtDNA variation present in each population and subgroup:
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FIG. 1—Locations and sample sizes of populations in this study.

where n is the sample size and x is the frequency of each mtDNA
type (24). The variance for this estimate of diversity was calcu-
lated as
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(25). Since the probes were chosen because they detect variation,
the diversity estimates are biased upwards. However, for the pur-
poses of this analysis comparisons between populations are valid
since the same probes were used for each population.

Among-population heterogeneity was examined using several
approaches. Either G or chi-square goodness-of-fit tests for hetero-
geneity of the probe variant frequencies across all 11 populations
were used to determine whether populations were significantly
different with respect to individual probe variants (26). An analysis
of molecular variance (AMOVA, 27) was applied to the SSO types
to measure the apportionment of diversity within and among the 11
populations and their component subgroups. AMOVA is especially
useful for analysis of mtDNA data since it does not require indepen-~
dence of nucleotide sites. This method incorporates information
about genetic distances between pairs of mtDNA types to enhance
a more traditional computation of variance components and F-
statistics from mtDNA type frequency data, to evaluate population
subdivision (28-30). A conventional sum of squared deviations is
partitioned into variance components attributable to variation
among regions (o2), among populations within regions {o?2), and
within populations (¢2). At present, a maximum of 255 SSO types
can be analysed by the available software (L. Excoffier, pers.
communication); for this analysis, 993 individuals with 255
mtDNA types were selected from a larger sample of 1007 individu-
als with 269 SSO types (choosing several different subsets of 255
mtDNA SSO types gave no significant differences in the results,
as discussed below).

A genetic distance between each pair of SSO types was calcu-
lated for use in the analysis of molecular variance. For each variant
region, the total number of nucleotide differences between two
SSO types was counted; this count was then summed over all
variant regions. In general, this procedure is similar to counting
the number of site differences between restriction haplotypes, with
changes made for SSO data by adjusting for “blanks” and for
probes which detect two polymorphic sites instead of only one.
Although a blank result could be the result of one or more nucleo-
tide substitutions, for most populations there is a low frequency
of blanks (<<5%), usually attributable to a single site change, so
the comparison between a blank variant and any other variant is
always counted as one difference.

Analogs to Wright’s F-statistics (®-statistics) were also gener-
ated by AMOVA (31). @y is the correlation of random SSO types
within populations, relative to that of random pairs of types drawn
from the entire data set, ®cr is the correlation of random SSO
types within a regional group of populations, relative to that of
random pairs of types drawn from the entire data set, and Py is the
correlation between random pairs of SSO types within populations,
relative to that of random pairs of SSO types drawn from the
region (27). Where the total variance o2 is the sum of components
o2, 0%, and o2, the ®-statistics can be rewritten as
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(28,29). ®1 and gy effectively indicate the extent of population
subdivision based on whatever hierarchy of populations is stipu-
lated based on geographic, linguistic, ethnic or historical affinities.

To determine which populations were different or similar with
respect to SSO types, ®sy values for pairs of populations (also
analogous to a coefficient of coancestry) were calculated by
AMOVA in a matrix containing all populations. Permutational
procedures in AMOVA were used to test the significance of ®-
statistics and variance components. For each AMOVA analysis, a
null distribution was generated by allocating every individual to
arandomly chosen population while holding sample sizes constant
over a large number of permutations (generally 500-1000). Proba-
bilities of observing random variance components and ®-statistics
greater than those generated in the analysis were reported. As the
null distributions of the ®-statistics are highly correlated with
those of their associated variance components (27), one P-value
which encompasses both tests was reported. This method of signifi-
cance testing is useful because concerns about the normality of
underlying variance distributions can be disregarded (27).

After determining which pairs of populations were not signifi-
cantly different with respect to SSO types, trial clusters of popula-
tions were designated and analyzed by AMOVA to determine what
portion of the total variance was attributable to among region,
among population/within region, or within population variation.

Results

As mentioned, 255 mtDNA types (of a possible 269) were
included in these analyses (Appendix). The 14 types removed from
the original data set to meet AMOVA parameters consisted of the
13 singleton types in the data set of 269 types that had three
or more “blank” variants, plus one additional randomly chosen
singleton type. These SSO types were removed initially because
less information is present in a type with multiple blanks, however,
trials of choosing 255 types by removing random singleton types
gave nearly identical AMOVA results. Figure 2 shows the distribu-
tion of SSO types within the total sample of 993 individuals, while
Table 1 shows the distribution of the number of types present in
only one population or shared by more than one population. Of
255 types, there were 134 unique types (53%) that occurred once
(“unique types”), while there were 25 types (10%) that occurred
more than once but occurred in only one population (“population
specific types”). Of the latter, all but three SSO types occurred
just two or three times. Of these three remaining types, one occurred
in five E. Indonesians (distributed among the Moluccas and Nusa
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FIG. 2—Distribution of mtDNA SSO types.

TABLE 1—MtDNA SSO type sharing among populations: for example,
35 types are shared by two populations.

Number of Number of
mtDNA types populations sharing

159 1

35 2

21 3

11 4

9 5

8 6

5 7

6 8

1 9

0 10

0 11

Tengarras) while two others occurred five and eight times apiece
in the Taiwanese (in the Atayal and Bunun subgroups). Ninety-
six types (37%) were observed more than once and were shared
among populations, for example, 35 types were shared by two
populations, and only one type was shared by nine populations.
No mtDNA type was shared by 10 or all 11 populations.

Figure 3 shows the frequency distribution of types within each
population based on whether they were unique types (occurred
one time in one population), population specific types (occurred
more than one time in one population), or public types (shared
between two or more populations). The Bangladeshi population
possessed 27 unique types (87% of the sample, N = 31), and had
two shared types which occurred more than once (13% of the
sample). By comparison, in the aboriginal Taiwanese population
the frequency of population specific types approached 30%. Other
populations were intermediate in their distribution of types. In
general, in most populations there was a low frequency of popula-
tion specific types, while the frequency of public types exceeded
that of unique types.

Table 2 shows the number of individuals and number of mtDNA
types observed in each population along with estimates of popula-
tion diversity (h) and their standard errors. Also shown are these
results for the subgroups within the Filipino, E. Indonesian, and
Taiwanese samples. Estimates of diversity were high, exceeding
0.94 for all populations, and were slightly lower in the subgroups.

MUnique types
@Population specific types
DPublc types

Frequency

Population

FIG. 3—Frequency distribution of unique types, population specific
types, and public types among populations. 1-Bangladesh, 2-Borneo, 3-
China, 4-Philippines, 5-S. India, 6-E. Indonesia, 7-Java, 8-Malaysia, 9-
Pakistan, 10-N. India, 11-Taiwan.
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TABLE 2—MitDNA SSO type diversity (b) for 11 Asian populations.

Population N No. SSO types h*se.
Bangladeshi 31 29 0.996 + 0.003
Borneo 91 46 0.969 * 0.005
Chinese 103 59 0.980 = 0.003
Filipino 175 60 0.949 + 0.005

Tlocano 96 31 0.927 £ 0.009
Miscellaneous 79 45 0.969 *+ 0.006
S. Indian 73 55 0.990 = 0.002
E. Indonesian 142 60 0.969 + 0.004
Moluccas 49 26 0.961 * 0.008
Nusa Tenggaras 93 46 0.966 * 0.006
Javanese 96 53 0.961 = 0.008
Malay 81 45 0.975 = 0.004
Pakistani 73 51 0.987 + 0.003
N. Indian 47 27 0.968 + 0.006
Taiwanese 81 36 0.963 = 0.005
Ami 22 13 0944 + 0.015
Atayal 20 9 0.890 * 0.023
Bunun 19 9 0.866 * 0.035
Paiwan 20 12 0.937 + 0.018
Total 993 255 0.996 *+ 0.000

For example, the four aboriginal Taiwanese subgroups had diver-
sity estimates ranging from 0.866 to 0.944, all of which were
below the estimates for any other population reported here.

The most common mtDNA types are described in Table 3. Any
shared mtDNA type which occurred eight or more times (that is,
frequency >0.008) in the data set was included. Only four of these
28 types occurred in any population at a frequency greater than

TABLE 3—Public mtDNA types occurring eight or more times.

Maximum Mean frequency

MtDNA  Number frequency over all
type of times Number of in single populations

number observed populations  population *se.
86* 8 4 0.11 0.01 + 0.03
168 8 6 0.03 0.01 * 0.01
169 8 5 0.02 0.01 * 0.01
204 8 5 0.06 0.01 = 0.02
224 8 3 0.04 0.01 = 0.01
231 8 3 0.07 0.01 £ 0.02
176 9 5 0.04 0.01 = 0.02
197 9 7 0.02 0.01 = 0.01
110 10 5 0.05 0.01 * 0.02
115 11 7 0.04 0.01 = 0.01
252 11 5 0.05 0.01 + 0.02
109 12 5 0.09 0.02 = 0.03
245 12 5 0.08 0.01 = 0.02
47 13 6 0.06 0.02 = 0.02
69 16 6 0.03 0.01 = 0.01
139 16 9 0.03 0.02 = 0.01
126 17 7 0.09 0.02 = 0.03
133 18 7 0.06 0.02 = 0.02
111 19 8 0.06 0.02 = 0.02
105 20 6 0.04 0.02 = 0.02
241 23 4 0.09 0.01 = 0.03
59 25 8 0.09 0.03 = 0.03
174 34 6 0.09 0.03 £ 0.03
52 37 8 0.09 0.03 + 0.03
136* 41 8 0.14 0.03 = 0.04
131 43 8 0.09 0.04 = 0.03
172%* 49 8 0.13 0.04 = 0.04
234* 57 7 0.16 0.05 = 0.05

*Described further in Fig. 4.

10%; these are further described in Fig. 4. For example, type 86
was observed eight times, distributed in four populations, and was
observed in 11% of Northern Indians. Similarly, types 136, 172,
and 234 were observed at frequencies of 14% and 13% in Filipinos,
and 16% in Javanese, respectively. While type 86 occurs primarily
in W. Asian populations, the remaining three types occur primarily
in S.E. Asian populations. For all four types occurring in any
population at a frequency greater than 10% there is a broad range of
frequencies observed within the different populations. The standard
errors for frequency of all common types, when calculated across
all 11 populations, generally equalled or exceeded the mean, indi-
cating the wide range of population frequencies; that is, a type
may have been seen not at all or once in some populations and
multiple times in others.

Chi-square and G goodness-of-fit tests applied to probe variant
frequencies across all 11 populations showed statistically signifi-
cant levels of heterogeneity for each set of probes (data not shown).
In Asians overall, only region IIA showed low levels of heterogene-
ity; 97.4% of all individuals carry the variant IIA2. Because all
mtDNA sites are tightly linked and there is no recombination,
subsequent analyses were limited to those which examine the
mtDNA type as a whole, analogous to a restriction haplotype.

Initially, AMOVA was used to generate intrapopulation ®gr
distances (analogous to a coancestry coefficient) for the subgroups
represented within the larger groups of Filipinos (Illocano and
Miscellaneous subgroups, the latter made up of the migrant and
military samples), E. Indonesians (Moluccas and Nusa Tenggaras
subgroups), and Taiwanese (Ami, Atayal, Bunun, and Paiwan sub-
groups). There was no significant difference with respect to SSO
type distribution between the Ilocano and Miscellaneous subgroups
within the Filipino population (P = 0.76), or between the Moluccas
and Nusa Tenggaras subgroups within the E. Indonesian population
(P = 0.05), although the Indonesian comparison borders statistical
significance. With numerous tests being done, to avoid spurious
conclusions the significance level was arbitrarily set to be P <
0.01. For the Taiwanese subgroups, the Ami and Paiwan clustered
together (P = 0.62), as did the Atayal and Bunun (P = 0.49),
with a significant genetic distance between these two larger combi-
nations (P < 0.002). For further analyses, therefore, subgroups of
the Filipino and E. Indonesian populations were disregarded, while
the Taiwanese population was split into the Taiwanese 1 (Ami and
Paiwan) and Taiwanese 2 (Atayal and Bunun) populations.

Subsequent analyses included ten original populations plus the
two Taiwanese populations derived from subdivision. First,
AMOVA P distances from the pairwise matrix for all 12 popula-
tions revealed which pairs of populations were not significantly
different (defined here as P > 0.01). These pairs are shown in
Table 4. Strong associations were indicated by a high probability
(P > 0.10) of finding similar Pgr distances with permutation
testing (1000 replications). Pairs of populations which were not
significantly different with respect to SSO types were Chinese-
Malay, Bangladeshi-S. Indian, Javanese-E. Indonesian, Pakistani-
N. Indian, and Javanese-Malay. In other words, for example, a
random Chinese individual could not be distinguished from a
random Malay individual by mtDNA SSO typing. Pairs of popula-
tions exhibiting weaker genetic identity, that is, approaching statis-
tically significant difference, are also shown (0.10 > P > 0.01).
Table 5 shows the pairwise ®gr values and statistical tests for all
twelve populations. All additional comparisons between pairs of
populations showed significant differences in SSO variation (P <
0.01); hence heterogeneity is apparent for the majority of popula-
tion comparisons {82%).
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FIG. 4—Frequencies for types that occur in more than 10% of individuals in a single population. 1-Bangladesh, 2-Borneo, 3-China, 4-Philippines,
5-8. India, 6-E. Indonesia, 7-Java, 8-Malaysia, 9-Pakistan, 10-N. India, 11-Taiwan.

Selected AMOVA results are shown in Table 6. Since distances
from the matrix including all 12 populations had suggested that
geographically close populations were similar, populations were
assembled into both geographically dissimilar and geographically
similar clusters to measure variance components.

In general, variation within populations, regardless of how they
were clustered into regional groups, accounted for at least 93%
of the SSO type variation observed in the total sample (Pgy values
ranged from 0.39 to 0.45). By extension, therefore, subdivisions
of any kind accounted for only up to 7% of the total variation.
With the exception of the comparison between the two Taiwanese

TABLE 4—Populations sharing S50 type identities
(AMOVA, 1000 permutations).

Strong: populations not significantly different (P > 0.1000) P

Chinese-Malay 0.671
Bangladeshi-S. Indian 0.423
Javanese-E. Indonesian 0.371
Pakistani-N. Indian 0.232
Javanese-Malay 0.111

Moderate: populations not significantly different P
0.1 > P > 0.025)

Filipino-Taiwanese 1 0.083
E. Indonesian-Malay 0.062
Chinese-Javanese 0.034
Bornean-Javanese 0.033
Weak (0.025 > P > 0.01) P
Bornean-Malay 0.024
Chinese-S. Indian 0.018
Bornean-Chinese 0.011

groups, the most extreme example of regional subdivision was
that in which a Pakistani/N. Indian regional cluster was compared
to a Javanese/E. Indonesian/Malay regional cluster (Example 6,
Table 6). In this case, variation among the regions accounted for
6% of the total variance, while among population/within region
variance was less than 1%, and within population variance was
93%. Trials where all populations were randomly and equally
divided into two groups never displayed within-population vari-
ance components of less than 96%. Therefore, the range of vari-
ances accounted for by regional groupings is extremely small
(around 4-6%). When all 12 populations are included in one region
(Example 1, Table 6), the variance component due to within popula-
tion differences is 95.47%, while the among population/within
region variance component was 4.53%. Heterogeneity among these
populations when they are grouped into one large region is signifi-
cant (P < 0.001, 1000 permutations; see Fig. 5).

While ®g describes the degree of differentiation present within
populations of a specified group, ®¢r, correlated with variance
among regions, quantifies the degree of regional subdivision. The
highest observed value (0.105, P < 0.002) was that for the Taiwan-
ese 1-Taiwanese 2 split (Example 2, Table 6). These two groups
(N = 42, N = 39) have 23 and 16 SSO types respectively, and
share only three SSO types which were observed in a total of 15
individuals. The extreme regional clusters of W. Asia versus S.E.
Asia (Table 6, Example 6) had the next highest value of 0.061 (P
< 0.002), although the @ value of 0.005 and P-value of 0.086
(not shown) indicate that the populations within each region are
not significantly different from each other. A pair of regional
groups that was constructed from all twelve populations randomly
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TABLE 5—®gy between pairs of populations are shown in lower left-hand matrix; P-values based on 1000 permutations are shown in upper
right-hand matrix. 1-Bangladesh, 2-Borneo, 3-China, 4-Philippines, 5-S. India, 6-Java, 7-E. Indonesia, 8-Malay, 9-Pakistan,
10-N. India, 11-Taiwan 1, 12-Taiwan 2.

1 2 3 4 5 6 7 8 9 10 11 12
1 e 0.000 0.006 0.000 0.423 0.000 0.000 0.005 0.001 0.001 0.001 0.000
2 0.081 e 0.011 0.000 0.001 0.033 0.001 0.024 0.000 0.000 0.000 0.000
3 0.035 0.019 e 0.000 0.018 0.034 0.004 0.671 0.000 0.000 0.000 0.000
4 0.071 0.062 0.038 e 0.000 0.000 0.000 0.003 0.000 0.000 0.083 0.000
5 0.001 0.040 0.016 0.061 V.- 0.000 0.000 0.002 0.003 0.001 0.000 0.000
6 0.062 0.015 0.012 0.037 0.033 e 0.371 0.111 0.000 0.000 0.000 0.000
7 0.066 0.023 0.022 0.026 0.045 0.000 e 0.062 0.000 0.000 0.002 0.000
8 0.038 0.017 —0.003 0.026 0.024 0.006 0.009 cee 0.000 0.000 0.001 0.000
9 0.043 0.075 0.060 0.060 0.024 0.045 0.058 0.061 e 0.232 0.000 0.000
10 0.074 0.094 0.082 0.085 0.038 0.069 0.084 0.091 0.005 . 0.000 0.000
11 0.088 0.085 0.058 0.012 0.082 0.075 0.050 0.041 0.100 0.134 N 0.000
12 0.136 0.126 0.087 0.062 0.110 0.062 0.061 0.081 0.097 0.152 0.104
TABLE 6—Representative AMOVA results for 12 populations that describe variance components, ®-statistics, and their significance values.
Variance components %* ®-statisticst
Example Comparison o, o, o ber by (.
1 Populations 1-12§ in one region e 453 9547 ... .. 0.045**
2 Taiwanese 1 v Taiwanese 2 (11 v 12) 10.46 -0.13 89.67 0.105%* -0.001 0.103**
3 NW India v SE India (9,10 v 1,5) 345 0.29 96.25 0.035%* 0.003 0.037**
4 W Asia v E Asia (1,5,9,10 v 2,3,4,6,7,8,11,12) 345 3.09 93.46 0.035%* 0.032%* 0.065**
5 Mainland v island (1,3,5,9,10 v 2,4,6,7,8,11,12) 1.99 3.55 94.55 0.019%* 0.036** 0.054**
6 Extremes (most different) (9,10 v 6,7,8) 6.07 0.44 9348 0.061** 0.005 0.065%*
7 Random (2,4,7,8,10,11 v 1,3,5,6,9,12) —-0.44 4.79 95.66 —0.004 0.048** 0.043**
8 All populations except Taiwanese 391 96.09 . e 0.039**

*g?, = variance among regions, 0%, = variance among populations/within region, 0%, = variance within populations.

TP-values <0.002 are indicated with **,

§Populations are: 1-Bangladesh, 2-Borneo, 3-China, 4-Philippines, 5-S. India, 6-E. Indonesia, 7-Java, 8-Malaysia, 9-Pakistan, 10-N. India, 11-Taiwan

1, 12-Taiwan 2.

assorted into two groups (Table 6, Example 7) had a ®¢ value
of —0.004, which suggests that SSO types from different popula-
tions are, on average, more closely related than those from the
same population (AMOVA documentation, L. Excoffier). A com-
parison of mainland populations with island populations (Table 6,
Example 5) gave a ®¢r value of 0.019, indicating that while the
regions are significantly different, they are not as different as

100 Observed value=0.086

Number of values
3

0 -

0.01 0 0.01 0.02
Variance among populations/within regions

FIG. 5—Null distribution of the variance component (among popu-
lations/within region) obtained through 1000 random permutations of 993
individuals into 12 populations the sizes of those in this study. This trial
grouped all populations into one region.

the group of W. Asian populations compared to the group of E.
Asian populations.

Discussion

Within this large Asian sample of mtDNAs, SSO typing revealed
a substantial amount of variation. In an earlier study of SSO type
variation (7), 274 SSO types were detected in a smaller total sample
encompassing a more diverse collection of worldwide rather than
regional populations (N = 525). Proportionally more different
types were found in that study (274/525) than in this one (255/
993), which is not surprising since regional variation (in this case,
Asia) will be more limited than worldwide variation due to the
shallower time depth of regional population expansions. In this
study, estimates of SSO type diversity were high, always exceeding
0.94. Even within subgroups of the populations, such as those of the
aboriginal Taiwanese, diversity estimates were greater than 0.86.

The number of SSO types observed in the 11 populations ranged
between 29 and 60 per population, even though population sample
sizes had a much greater range of between 31 and 175 individuals
each. It is possible that SSO typing may be approaching the limits
of detection of all SSO types present in these particular populations;
theoretically, there could be 27,648 possible SSO types for these
SSO variants (including a blank variant at any position), but the
number of types detected here per population does not increase
proportionally with sample size. For example, while the Bangla-
deshi population contains a unique type for almost every individual,
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the Filipino sample has nearly three times more individuals than
SSO types.

While many more SSO types are possible than were observed,
this was accounted for in part by the relative invariance of certain
sites, for example, IAQ, IA2, IBO, IDO, IIAQ, and IIA1 were often
observed at low frequency or were absent in some Asian popula-
tions. Site variants such as these, which carry less weight overall
due to their infrequency, act to increase homogeneity. In spite of
this, diversity values were high for all populations, and no possible
site variant was completely absent from the data set.

More than half of the total number of SSO types were unique
(53%). Very few types which occurred more than one time were
exclusive to one population (10%); 88% of these (22/25) were
low-frequency types. Two higher frequency types were observed
in the rather isolated aboriginal Taiwanese, who appear to be quite
different with respect to SSO types of other Asian populations.
Approximately 11% of SSO types appeared eight or more times.
No single type occurred at a frequency greater than 6% overall
(type 234 was seen in 5.74% of the total sample).

Within populations, only four types occurred at frequencies
greater than 10% in any single population. Type 86 appeared
primarily in W. Asia, while types 136, 172, and 234 appeared
primarily in S.E. Asia; for these common types, substructuring
appears to occur along clear geographic lines. The most pro-
nounced regional heterogeneity was observed between Pakistan/
N. India and E. Indonesia/Java/Malaysia, with a @1 value of 0.61.
However, sizeable geographic distance separates these population
groups from one other; a similar comparison of Mainland Asia
versus Island Asia regions gave a lower ®¢y value of 0.19 (P <
0.002), indicating that populations within these two more broadly-
defined regions are less easily distinguished.

Inclusion of the aboriginal Taiwanese gave valuable insight into
the kind of contribution isolated relict populations would make to
a database of mtDNA SSQ types. First of all, this population has
SSO types which were never observed elsewhere, including several
at relatively high frequency. They also lack type 234, the most
common type in the entire data set. When the Taiwanese were
removed from AMOVA analyses which included all other popula-
tions, the coefficient of population subdivision was reduced from
0.045 to 0.039, the largest change which was observed due to the
removal of any single population (Example 8, Table 6). Within
the Taiwanese themselves, a considerable amount of substructure
exists as well. Comparison of the Taiwanese 1 and Taiwanese 2
groups gave a ®¢r value of 0.105, by far the largest coefficient of
substructuring observed during all AMOVA analyses. Interestingly,
the group described here had no unusually high frequency of
any types which otherwise occurred commonly throughout other
populations, rather, it had a few private types, some occurring at
high frequency, and shared the remaining types at low frequency
with other populations. In spite of its uniqueness, the Taiwanese
1 population was not significantly different from the Filipino popu-
lation (P = 0.08). While a population with high-frequency popula-
tion specific types such as the aboriginal Taiwanese is of particular
concern in considering forensic match probabilities, additional
surveys of such isolated groups (which tend to be primarily of
anthropological and not forensic interest) will help to further define
how comrmon this pattern of SSO types is worldwide.

The ®; values and variance components that were obtained
from numerous comparisons between regional groups comprised
of either all populations or just specific subsets always displayed
P-values of less than 0.002, indicating that there is statistically signi-
ficant population heterogeneity. However, heterogeneity appears

to be minimal compared to the large amount of variation which
is present within populations. Variance attributable to within popu-
lation variation was greater than 93%, regardless of the groupings
of populations which were stipulated. In other words, each popula-
tion contains on average approximately 93% of the variation which
is found in the sample overall. The vast majority of SSO type
variation occurs here as both widely shared types which carry
the most weight in the analysis of variance, and types unique to
populations found in extremely low frequency; few types that
occur in high frequency are unique to populations that carry them.

For forensic applications, a desirable genetic locus should com-
bine high diversity with low probability of identity between indi-
viduals; by extension, an unsampled subpopulation should not
have variants which are present in high frequency relative to the
population at large. MtDNA SSO types, as easily screened-for
representatives of the variation present in the mtDNA hypervari-
able regions, conform to these qualifications: 1) diversity estimates
exceed 0.94 (except in relict isolate populations), 2) common types
are widely distributed in most populations and frequencies of these
rarely exceed 10%, and 3) there is a high probability of types
which are rare or unique.

Studies of worldwide human mtDNA evolution and expansion
predict that African mtDNAs would be most diverse overall, with
less diversity present in regions with shorter human evolutionary
histories, such as Asia and Europe (2,32). This study is part of a
larger effort to measure diversity and heterogeneity in SSO types
of African, European, and Asian subpopulations to develop an
understanding of the forensic implications of variation present in
the mtDNA control region. For the SSO types of Asian populations
sampled in this study, diversity is high, and heterogeneity, while
present, seems to be in part accounted for by East Asia/West Asia
regional substructuring and is minimal in comparison to the large
amount of variation present overall. For forensics investigations,
the control region of mtDNA exhibits satisfactory qualities as a
DNA typing locus, when population genetics parameters of SSO
typing are considered.
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Appendix

MIDNA SSO type numbers are listed in column 1, SSO type profiles are listed in column 2; the count of each
type by population in which it was observed is shown in the other columns. 1-Bangladesh, 2-Borneo, 3-China,
4-Philippines, 5-S. India, 6-E. Indonesia, 7-Java, 8-Malaysia, 9-Pakistan, 10-N. India, 11-Taiwan.

SSO type SSO type
number profile 1 2 3 4 5 6 7 8 9 10 11
003 01122331 0 0 0 0 0 0 0 0 0 1 0
004 01212110 0 0 0 0 0 0 1 0 0 0 0
005 01222310 0 0 0 0 0 1 0 0 0 0 0
006 02012111 0 0 0 0 0 1 0 0 0 0 0
008 02112011 0 0 0 1 0 0 0 0 0 0 0
009 02112111 0 0 1 0 0 2 0 0 0 0 0
010 02112201 0 0 0 0 1 0 0 0 0 0 0
011 02112231 0 0 0 0 0 0 0 1 0 0 0
012 02122031 0 1 0 0 0 0 0 0 0 0 0
013 02122201 0 1 0 0 0 0 0 0 0 0 0
014 02312211 0 0 0 0 0 1 0 0 0 0 0
015 02312311 0 0 0 0 0 0 1 0 0 0 0
016 03112111 0 0 0 1 0 0 0 0 0 0 0
017 10022231 0 0 0 0 0 0 1 0 0 0 0
019 10112011 0 0 0 1 1 0 1 0 0 0 0
020 10112021 0 0 0 0 1 0 0 1 0 0 0
021 10112101 0 0 1 0 0 0 0 0 0 0 0
022 10112111 0 0 1 3 1 1 0 0 0 0 0
023 10112211 0 0 0 2 0 0 0 0 0 0 0
025 10122011 0 0 0 0 0 0 1 0 0 0 0
027 10122110 0 0 0 0 0 0 0 1 0 0 0
028 10122210 0 0 0 0 0 0 0 0 0 0 1
029 10212100 0 0 0 0 0 0 0 0 0 0 5
030 10212110 0 0 0 0 0 0 0 0 0 0 8
031 10212200 0 0 0 0 0 0 0 0 0 0 2
032 10212211 0 0 1 0 0 0 0 0 0 0 0
033 10312130 0 0 0 0 0 0 0 0 1 0 0
034 10312211 0 0 0 0 0 0 0 0 1 0 0
035 10312311 0 0 0 0 0 0 0 0 1 0 0
036 11012011 0 0 0 0 1 0 0 0 0 1 0
037 11012110 0 0 0 0 0 0 0 0 1 0 0
038 11012311 1 0 0 0 0 0 0 0 3 2 0
040 11102110 0 0 0 0 0 1 0 0 0 0 0
041 11110311 0 0 0 0 0 0 0 0 1 0 0
042 11111011 0 0 0 1 0 0 0 0 1 0 0
043 11111111 0 0 0 0 1 0 0 0 4 2 0
044 11111121 0 1 0 0 0 0 0 0 0 0 0
045 11111211 0 0 0 0 1 0 0 0 0 0 0
046 11111311 0 0 0 0 0 0 0 0 2 0 0
047 11112011 0 3 0 0 1 2 1 0 3 3 0
048 11112021 0 1 0 0 0 0 1 0 1 0 0
049 11112031 0 0 1 0 0 0 0 0 0 0 0
050 11112101 1 0 0 0 0 0 0 0 0 0 1
051 11112110 0 0 0 0 0 1 0 0 0 0 0
052 11112111 1 7 5 5 0 5 9 4 0 0 1
053 11112121 0 1 1 1 0 0 1 0 0 0 0
054 11112201 0 0 0 0 0 0 1 0 1 0 0
055 11112211 0 2 0 1 1 0 1 1 1 0 0
056 11112221 0 0 0 0 0 1 0 0 1 0 0
057 11112301 0 0 0 0 0 3 0 0 0 0 0
058 11112310 0 0 0 0 0 0 0 0 1 0 0
059 11112311 1 3 0 8 3 0 3 1 0 4 2
039 11112321 0 0 0 0 0 0 0 0 1 0 0
060 11121001 0 0 0 0 0 0 0 0 0 1 0
061 11121111 0 0 0 0 0 0 0 0 2 0 0
062 11122111 1 0 0 1 0 0 0 0 0 0 1
063 11122211 0 0 0 0 0 0 0 1 0 0 0
064 11122310 0 0 0 3 0 0 0 0 0 0 0
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SSO type SSO type
number profile 1 2 3 4 5 6 7 8 9 10 11
065 11122311 0 0 0 0 1 0 0 0 1 0 0
066 11212011 0 1 0 0 2 0 0 0 0 0 0
067 11212020 0 0 2 0 0 0 0 0 0 0 0
068 11212101 0 0 0 0 0 0 0 0 1 0 0
069 11212110 0 0 3 6 0 4 1 1 1 0 0
070 11212111 0 1 1 1 0 1 0 0 0 0 0
071 11212120 0 0 1 0 0 0 0 0 0 0 0
072 11212121 0 0 0 0 1 0 0 0 0 0 0
073 11212201 1 0 0 0 0 0 0 0 0 0 0
074 11212211 0 0 0 0 0 0 1 0 0 0 0
075 11212301 0 0 0 0 0 1 0 0 0 0 0
076 11212310 0 0 0 0 1] 1 0 0 0 0 0
077 11212311 0 0 1 1 1 0 0 0 0 1 0
078 11222111 0 0 0 1 0 0 1 0 0 0 0
079 11222310 0 0 0 0 0 0 0 0 0 0 1
080 11222311 0 0 1 0 0 0 0 0 0 0 0
081 11311111 0 0 0 0 0 0 0 0 1 0 0
082 11311311 0 0 0 0 0 0 0 0 1 0 0
083 11312101 0 0 0 0 1 1 0 0 1 0 0
084 11312111 0 0 0 2 0 0 0 0 2 0 0
085 11312211 0 1 0 0 0 0 0 0 0 0 0
086 11312311 1 1 0 ¢ 0 0 0 0 1 5 0
087 11312321 0 0 0 0 1 0 0 0 0 0 0
089 11322010 0 0 0 0 0 0 0 1 0 0 1
090 11322211 1 0 0 0 0 0 0 0 0 0 0
091 11322310 0 0 0 0 0 0 1 0 0 0 1
093 12010111 0 0 0 0 0 0 1 0 0 0 0
095 12012101 0 0 0 0 0 0 0 0 1 0 0
096 12012110 1 0 0 0 0 0 0 0 0 0 0
097 12012111 0 1 0 0 0 0 0 0 0 0 0
098 12012310 0 0 0 0 0 0 1 0 0 0 0
100 12102021 0 0 0 0 0 0 0 1 0 0 0
101 12102111 0 0 1 0 0 0 0 0 0 0 0
102 12112001 1 0 1 0 0 0 0 0 1 0 0
103 12110310 0 0 0 0 0 0 1 0 0 0 0
104 12112010 0 0 0 0 0 0 0 1 0 0 0
105 12112011 0 4 4 5 0 0 4 2 0 0 1
106 12112021 0 0 0 1 1 0 0 0 0 0 0
107 12112031 0 0 1 0 0 0 0 0 0 0 0
108 12112100 0 0 0 1 1 0 0 0 1 0 0
109 12112101 1 0 0 1 1 0 0 0 5 4 0
110 12112110 1 0 3 0 1 1 0 4 0 0 0
11 12112111 2 0 2 0 4 4 2 2 1 0 2
112 12112121 0 1 0 0 1 1 0 0 0 0 0
113 12112131 0 0 2 0 4 0 0 0 0 0 0
114 12112201 2 0 0 1 0 0 0 0 0 0 0
115 12112211 0 1 1 2 0 2 0 1 2 2 0
116 12112221 1 1 0 0 0 0 0 0 0 0 0
117 12112231 0 1 1 0 0 0 0 0 0 0 1
118 12112301 1 0 0 1 2 0 0 0 0 1 0
119 12112310 0 0 2 0 0 0 0 0 0 0 0
120 12112311 1 0 1 0 2 i 0 1 0 0 0
121 12112321 0 0 0 0 0 0 1 0 0 0 0
122 12112331 0 0 0 0 0 0 | 0 0 0 0
123 12120231 0 0 0 0 0 1 0 0 0 0 0
124 12122001 0 2 1 1 0 0 0 0 0 0 0
125 12122010 0 0 0 0 0 1 0 0 0 0 0
126 12122011 0 2 9 1 1 0 1 1 0 0 2
127 12122021 0 3 0 0 0 1 0 0 0 0 0
128 12122031 0 2 0 0 0 0 2 1 0 0 0
129 12122101 1 1 1 0 1 0 0 2 0 0 1
130 12122110 0 0 1 0 0 0 0 0 0 0 0
131 12122111 1 0 7 10 1 6 4 7 0 0 7
132 12122120 0 0 0 0 0 0 0 0 0 0 2
133 12122121 1 0 0 4 0 8 1 0 1 1 2
134 12122131 1 0 0 0 0 0 0 0 0 0 0
135 12122211 0 0 0 1 1 0 1 0 1 0 0
137 12122230 0 0 0 1 0 0 0 0 0 0 0
136 12122231 0 1 1 24 1 4 2 6 0 0 2
138 12122301 0 0 2 1 1 0 0 0 0 0 0
139 12122311 1 2 2 1 1 3 2 2 0 0 2
140 12122331 0 0 0 0 0 0 0 1 0 0 0
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SSO type SSO type
number profile 1 2 3 4 5 6 7 8 9 10 11
141 12212011 0 0 0 0 1 0 0 0 0 0 0
142 12212101 0 0 0 0 0 0 0 0 0 0 1
143 12212110 0 0 0 0 0 0 0 1 0 0 0
144 12212111 0 0 0 0 0 1 1 0 0 0 0
145 12212131 1 0 0 0 0 0 0 0 0 0 0
146 12212211 0 0 0 0 0 1 0 0 0 0 0
147 12212231 0 0 1 0 0 0 0 0 0 0 0
148 12222131 0 0 0 1 0 0 0 0 0 0 0
149 12312001 0 0 0 0 2 0 0 0 0 0 0
150 12312011 0 1 0 0 0 0 0 1 0 0 0
151 12312021 0 1 1 0 0 0 0 0 0 0 0
152 12312101 0 0 0 0 1 0 0 0 1 1 0
153 12312110 1 0 0 0 0 0 0 0 0 0 0
154 12312111 1 0 2 0 0 0 1 0 1 0 0
155 12312211 0 1 0 0 1 0 0 0 0 0 0
156 12312221 0 0 0 0 0 1 0 0 0 0 0
157 12312311 1 0 0 0 3 0 0 1 0 1 0
158 12322021 0 2 0 0 0 0 0 0 0 0 0
159 12322101 0 0 0 0 0 0 0 0 0 1 0
160 12322111 0 0 0 0 1 0 2 1 0 0 0
161 12322121 0 0 0 0 1 0 1 0 0 0 0
162 12322231 0 0 0 0 0 1 0 0 0 0 0
163 12322311 1 0 1 1 0 1 1 1 0 0 0
164 13012111 0 0 1 1 0 0 0 0 0 0 0
165 13012121 0 0 1 0 0 0 0 0 0 0 0
166 13102111 0 0 0 0 0 0 0 0 0 0 4
167 13112001 0 0 0 0 0 1 0 0 0 0 0
168 13112011 0 1 3 0 1 1 1 0 0 0 1
169 13112021 0 1 0 3 0 2 1 0 0 0 1
171 13112110 0 0 0 1 0 0 0 0 0 0 0
172 13112111 0 2 4 23 1 5 4 4 0 0 6
173 13112201 0 0 0 3 0 0 0 0 0 0 1
174 13112211 0 1 0 13 0 9 1 3 0 0 7
175 13112221 0 0 0 1 0 0 1 0 0 0 0
176 13112311 0 0 1 1 0 2 0 0 3 2 0
177 13112321 0 0 0 0 0 0 0 0 0 1 0
178 13122011 0 0 0 1 0 0 0 0 0 0 0
180 13212211 0 0 0 0 0 0 0 0 0 0 1
181 13312201 0 0 0 0 0 2 0 0 0 0 0
182 13312211 0 0 0 1 0 1 0 0 0 0 4
183 13312221 0 1 0 0 0 0 1 0 0 0 0
184 20112111 0 0 0 0 0 0 0 0 2 0 0
185 20112311 0 0 0 0 0 0 0 0 1 0 0
186 21012110 0 0 0 0 0 1 0 0 0 0 0
187 21112111 0 0 0 0 0 0 0 0 0 1 0
188 21112121 0 0 0 0 0 0 0 0 1 0 0
189 21112211 0 0 1 0 0 0 0 0 0 0 0
190 21112311 0 0 0 0 0 0 0 0 0 3 0
191 21121111 0 0 0 0 0 0 0 0 0 1 0
192 21121311 0 0 0 0 0 0 0 0 2 0 0
193 21122311 0 0 0 0 0 0 0 0 0 1 0
194 21212110 0 0 0 0 1 0 0 0 0 0 0
195 21212111 0 0 0 0 0 0 0 0 1 0 0
196 21312101 0 0 0 1 0 0 0 0 0 0 0
197 21312111 0 0 0 1 1 2 2 1 1 0 1
198 21312211 0 0 0 2 0 0 0 0 0 0 0
200 22012111 0 0 0 0 0 0 0 0 0 1 0
201 22102111 0 0 0 0 0 0 0 0 1 0 0
202 22112001 0 0 0 1 0 0 0 0 0 0 0
203 22112031 0 0 0 0 0 1 0 0 0 0 0
204 22112111 0 0 1 1 0 0 0 1 2 3 0
205 22112121 0 0 0 0 0 0 0 0 1 0 0
206 22112211 0 0 0 0 0 0 0 0 1 0 0
207 22122231 0 0 0 0 0 1 0 0 0 0 0
208 22312031 0 0 0 0 0 0 0 0 0 0 1
209 22312111 0 0 0 0 2 0 0 0 0 0 0
211 30122021 0 0 0 0 1 0 0 0 0 0 0
212 30122321 0 0 0 0 2 0 0 0 0 0 0
213 30212110 0 0 1 0 0 0 0 0 0 0 0
214 30312201 0 0 0 0 0 1 0 0 0 0 0
215 30322311 0 0 0 0 1 0 0 0 0 0 0
217 31012110 0 1 0 0 0 0 0 0 0 0 0
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SSO type SSO type
number profile 1 2 3 4 5 6 7 8 9 10 11
218 31012111 0 1 0 0 0 0 0 0 0 0 0
219 31012310 0 1 0 0 0 0 0 0 0 0 0
220 31112001 0 0 1 0 0 0 0 0 0 0 0
222 31112110 0 0 0 0 0 0 0 1 0 0 0
223 31112111 0 0 0 1 0 0 0 0 0 0 0
224 31112131 0 0 0 3 0 2 0 0 0 0 3
225 31112210 0 0 0 0 0 0 0 0 0 1 0
226 31112321 0 0 0 1 0 0 0 0 0 0 0
227 31112331 0 0 0 1 0 0 0 0 0 0 0
228 31122111 0 0 0 1 1 0 0 0 0 1 0
229 31122301 0 0 0 0 0 0 0 0 1 0 0
231 31212010 0 6 1 0 0 0 0 1 0 0 0
232 31212020 0 1 2 0 0 0 0 0 0 0 0
233 31212100 0 0 0 1 0 0 0 0 0 0 0
234 31212110 0 10 4 6 2 14 15 6 0 0 0
235 31212120 0 0 1 0 0 0 1 0 0 0 0
236 31212130 0 0 0 0 0 0 1 0 0 0 0
237 31212220 0 0 1 0 0 0 0 1 0 0 0
238 31212310 0 0 0 0 1 3 0 2 0 0 0
239 31212330 0 0 0 0 0 0 1 0 0 0 0
240 31222300 0 0 0 1 0 0 0 0 0 0 0
241 31222310 0 1 0 8 0 13 1 0 0 0 0
242 32110031 0 0 0 0 0 0 1 0 0 0 0
243 32112001 0 0 0 0 1 0 0 0 0 0 0
244 32112011 0 2 1 0 0 0 1 2 0 0 1
245 32112031 0 7 1 0 0 2 1 1 0 0 0
246 32112101 0 0 0 0 0 0 0 0 0 1 0
247 32112111 1 0 0 0 2 1 0 0 3 0 0
248 32112120 0 0 0 0 0 0 0 0 1 0 0
249 32112121 0 0 0 0 0 1 0 0 0 0 0
250 32112131 0 0 0 0 1 0 0 0 0 0 1
251 32112211 1 0 0 0 0 0 0 0 0 0 0
252 32112310 0 2 1 0 0 0 5 2 1 0 0
253 32122011 0 0 2 0 0 1 0 0 0 0 0
254 32122021 0 0 0 0 1 0 0 0 0 0 0
255 32122031 0 0 1 0 0 0 0 1 0 0 0
001 32122211 0 0 0 1 0 0 0 0 0 0 0
002 32122311 0 0 3 0 0 0 0 0 0 0 0
007 32122331 0 0 0 0 0 0 0 0 0 0 2
018 32312031 0 2 0 0 0 0 0 1 0 0 0
024 32312111 0 0 0 0 0 0 0 1 0 0 0
026 32312121 0 0 0 0 0 1 0 0 0 0 0
092 32312201 0 0 0 0 0 1 0 0 0 0 0
094 32312210 0 0 0 0 0 1 0 0 0 0 0
099 32312211 0 0 0 0 0 5 0 0 0 0 0
170 32312311 0 0 0 0 1 0 1 0 0 0 0
179 32322011 0 0 1 0 0 0 0 0 0 0 0
199 32322130 0 0 0 0 0 0 0 0 1 0 0
210 32322211 0 0 0 0 0 1 0 0 0 0 0
216 32322311 0 0 1 0 0 0 0 0 0 0 0
221 33112021 0 0 1 0 0 0 1 3 0 0 0
230 33112211 0 0 0 0 0 2 0 0 0 0 0
088 33212021 0 0 0 0 0 0 0 1 0 0 0






