
Abstract Most mtDNA studies on Native Americans have
concentrated on hypervariable region I (HVI) sequence
data. Mitochondrial DNA haplotype data from hypervari-
able regions I and II (HVI and HVII) have been compiled
from Apaches (N=180) and Navajos (N=146). The inclu-
sion of HVII data increases the amount of information
that can be obtained from low diversity population
groups. Less mtDNA variation was observed in the
Apaches and Navajos than in major population groups.
The majority of the mtDNA sequences were observed
more than once; only 17.8% (32/180) of the Apache se-
quences and 25.8% of the Navajo sequences were ob-
served once. Most of the haplotypes in Apaches and
Navajos fall into the A and B haplogroups. Although a
limited number of haplogroups were observed, both sam-
ple populations exhibit sufficient variation for forensic
mtDNA typing. Genetic diversity was 0.930 in the Apache
sample and 0.963 in the Navajo sample. The random
match probability was 7.48% in the Apache sample and
4.40% in the Navajo sample. The average number of nu-
cleotide differences between individuals in a database is
9.0 in the Navajo sample and 7.7 in the Apache sample.

The data demonstrate that mtDNA sequencing can be in-
formative in forensic cases where Native American popu-
lation data are used.
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Introduction

The genetic sequence(s) of human mitochondrial DNA
(mtDNA) of particular interest for forensic analyses are
two hypervariable regions, HVI and HVII. These hyper-
variable regions reside in the control region of the non-
coding portion of the mt genome. Because of maternal in-
heritance and lack of recombination [1, 2, 3, 4, 5], an
mtDNA sequence is treated as a single locus or haplotype.
When an mtDNA profile from an evidence sample and
one from a known reference sample cannot be excluded as
originating from the same source, it is desirable to convey
some information about the rarity of the mtDNA profile.
Typically, the number of matching mtDNA haplotypes in
a database(s) can be used to support assessment of the
weight to the evidence [6].

The mtDNA haplotypes of Native Americans consist
of five major haplogroups, designated as A, B, C, D, and
X [7, 8, 9, 10], and Native Americans exhibit lower
mtDNA diversity than Africans, Caucasians, Hispanics,
and far East Asians [6, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21]. To date, mtDNA databases on Native Americans
developed for forensic applications have not been re-
ported. Generally, mtDNA databases developed for foren-
sic purposes tend to be subjected to more stringent quality
assurance and control procedures than those generated for
other research endeavors. In this paper, two Native Amer-
ican mtDNA databases (i.e., Apaches and Navajos) have
been compiled and analyzed for regions HVI and HVII.
The data can be used for forensic analyses and for genetic
research studies.
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Materials and methods

Blood samples from unrelated Apaches and Navajos were kindly
provided by the Arizona Department of Public Safety (Phoenix,
Arizona). The Apache samples are from the White Mountain
Apache Reservation and were drawn by United Blood Services
during a blood drive. The Navajo samples are from reference sam-
ples from cases from the Navajo Indian Reservation. The DNA
was extracted, amplified, sequenced for regions HVI and HVII,
and interpreted as previously described [22, 23].

Sequences are recorded in terms of differences from the profile
described by Anderson et al. [24], which is referred to as the Cam-
bridge reference sequence (CRS). Only the nucleotide position(s)
(which is a designated number) and the nucleotide(s) differing
from the reference standard are recorded. If an unresolved ambi-
guity is observed at a site, the base number for the site is listed fol-
lowed by an “N” (e.g., 16228N). Insertions are described by first
noting the site immediately 5’ to the insertion followed by a point
and a “1” (for the first insertion), a “2” (if there is a second inser-
tion), and so on, and then by the nucleotide that is inserted (e.g.
315.1C). Deletions are recorded by listing the missing site fol-
lowed by a “-” (i.e., 249-).

The population data were analyzed using the program Mi-
toSearch [25], which performs haplotype matching tests and calcu-

lates genetic diversity, random match probability (RMP), number
of nucleotide differences between and among haplotypes, and the
number of transversions, transitions, deletions and insertions. Ge-
netic diversity was calculated according to the method of Tajima
[26], and random match probability was calculated according to
that of Stoneking et al. [11].

Results and discussion

All Apache and Navajo samples have complete sequence
data between positions 16024 and 16365 in HVI and be-
tween positions 73 and 340 in HVII. Sequences of HVI and
HVII regions for all individuals are presented in Table S1.

In African American, Caucasian (i.e., European and/or
U.S. origin), Hispanic and Asian population databases of
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Table 1 Number of different mtDNA haplotypes observed in the
Apache database. The most common haplotypes (those occurring
at least three times) are specified below the summary table (Data-
base Apache, number of profiles 180)

Summary of profiles appearing in the database

Number of Appear Total
profiles

1 32 times 32
1 27 times 27
1 14 times 14
1 12 times 12
1 9 times 9
3 6 times 18
2 5 times 10
1 4 times 4

11 2 times 22
32 1 time 32
54 180

(32) 16111T 16192T 16223T 16233G 16290T 16319A 16331G
73G 146C 153G 235G 263G 309.1C 309.2C 315.1C [A]
(27) 16111T 16192T 16223T 16233G 16290T 16319A 16331G
73G 146C 153G 235G 263G 309.1C 315.1C [A]
(14) 16111T 16223T 16290T 16319A 16362C 73G 146C 153G
235G 263G 315.1C [A]
(12) 16111T 16192T 16223T 16233G 16290T 16319A 16331G
73G 146C 153G 235G 263G 272G 309.1C 315.1C [A]
(9) 16111T 16147T 16192T 16223T 16233G 16290T 16319A
16331G 73G 146C 153G 235G 263G 309.1C 315.1C [A]
(6) 16223T 16298C 16325C 16327T 73G 249D 263G 290D 291D
309.1C 315.1C [C]
(6) 16111T 16183C 16189C 16217C 73G 152C 195C 263G
309.1C 309.2C 309.3C 315.1C [B]
(6) 16111T 16183C 16189C 16217C 73G 152C 195C 263G
309.1C 309.2C 315.1C [B]
(5) 16086C 16111T 16183C 16189C 16217C 73G 263G 309.1C
309.2C 315.1C [B]
(5) 16111T 16183C 16189C 16217C 73G 263G 309.1C 309.2C
315.1C [B]
(4) 16111T 16223T 16233G 16290T 16319A 16331G 73G 146C
153G 235G 263G 309.1C 309.2C 315.1C [A]

Table 2 Number of different mtDNA haplotypes observed in the
Navajo database. The most common haplotypes (those occurring
at least three times) are specified below the summary table (Data-
base Navajo, Number of profiles 146)

Summary of profiles appearing in the database

Number of Appear Total
profiles

1 21 times 21
2 10 times 20
1 6 times 6
4 5 times 20
3 4 times 12
5 3 times 15
8 2 times 16

36 1 time 36
60 146

(21) 16111T 16223T 16290T 16319A 16362C 73G 146C 153G
235G 263G 315.1C [A]
(10) 16111T 16183C 16189C 16217C 73G 263G 309.1C 309.2C
315.1C [B]
(10) 16183C 16189C 16217C 73G 150T 263G 309.1C 315.1C [B]
(6) 16183C 16217C 73G 143A 146C 263G 309.1C 309.2C 315.1C
[B]
(5) 16111T 16223T 16290T 16319A 16362C 73G 146C 235G
263G 309.1C 315.1C [A]
(5) 16111T 16189C 16192.1T 16223T 16233G 16290T 16319A
16331G 73G 146C 153G 235G 263G 315.1C [A]
(5) 16111T 16192T 16223T 16233G 16290T 16319A 16331G
73G 146C 153G 235G 263G 272G 309.1C 309.2C [A]
(5) 16093C 16111T 16192T 16223T 16290T 16319A 16362C
73G 146C 153G 235G 263G 315.1C [A]
(4) 16111T 16223T 16290T 16319A 16362C 73G 146C 207A
235G 263G 309.1C 315.1C [A]
(4) 16086C 16223T 16298C 16325C 16327T 73G 249D 263G
290D 291D 309.1C 315.1C [C]
(4) 16092C 16111T 16183C 16189C 16217C 73G 228A 263G
309.1C 315.1C [B]
(3) 16092C 16183D 16186T 16189C 16217C 73G 263G 315.1C
[B]
(3) 16093C 16111T 16192T 16223T 16290T 16319A 16362C
73G 146C 153G 235G 263G 309.1C 315.1C [A]
(3) 16111T 16223T 16290T 16319A 16335G 73G 146C 153G
235G 263G 309.1C 315.1C [A]
(3) 16111T 16192T 16223T 16233G 16290T 16319A 16331G
73G 146C 153G 235G 263G 309.1C 315.1C [A]
(3) 16111T 16183C 16189C 16217C 73G 263G 315.1C [B]



comparable or greater size than the Native American sam-
ple populations in our study, the majority of the mtDNA
sequences are observed only once within each population
group [6, 15, 16, 17, 18, 20]. In contrast, the Apaches and
Navajos have lower diversity, with most mtDNA types
being observed more than once. Only 32 out of 180 (or
17.8%) of the haplotypes in Apaches and 36 out of 146
(or 24.7%) of the haplotypes in Navajos are observed only
once (Tables 1 and 2). The most commonly observed hap-
lotypes in each population group are listed in Tables 1 and
2. A total of 73 variant sites (42 in HVI and 31 in HVII)
were observed in the Apache population sample, and a to-
tal of 74 variant sites (41 in HVI and 33 in HVII) were ob-
served in the Navajo population sample.

Native Americans have lower mtDNA diversity be-
cause they are composed typically of only five major hap-
logroups. The data for Apaches and Navajos demonstrate
that the A and B haplogroups are the most prevalent with
the C haplogroup being less represented (Tables 1 and 2).
Of the 180 Apaches, 125 fall into haplogroup A, 35 fall
into haplogroup B and 16 fall into haplogroup C. Of the
146 Navajos, 68 fall into haplogroup A, 63 fall into hap-
logroup B and 11 fall into haplogroup C. At the bottom of
Tables 1 and 2, the haplogroup is designated (in brackets)
for each of the commonly occurring mtDNA types. In
Apaches, the A haplogroup predominates among the five
most commonly occurring haplotypes; while in the Nava-
jos, both the A and B haplogroups are well-represented
among the top five most commonly occurring haplotypes.
The haplogroup distributions for Apache and Navajo data
are consistent with the observations of Lorenz and Smith
[9]. There are four individuals in each sample population
whose mtDNA type could not be categorized into hap-
logroup A, B, or C. These are Apache samples 37, 75, 130
and 160 and Navajo samples 7, 68, 89, and 114 (Tables
1 and 2). The haplogroup assignment for the mtDNA se-
quences of the 4 Apache samples are: 37 falls into the K
haplogroup, 75 falls into the T haplogroup, 130 falls into
the H haplogroup, and 160 falls into the X haplogroup.
The haplogroup assignment for the mtDNA sequences of
the 4 Navajo samples are: 7 falls into the U2 haplogroup,
68 and 89 fall into the D haplogroup, and 114 falls into the
X haplogroup.

Although there are three major haplogroups (i.e., A, B,
and C) observed in this study, both population samples are
still highly polymorphic (due to private mutations). The
Navajos demonstrate a higher degree of diversity compared
with Apaches. Genetic diversity is 0.930 in the Apache
sample and 0.963 in Navajos (Table 3). The RMP is
7.48% in Apaches and 4.40% in the Navajo sample (Table
3). Although the genetic diversity is lower in Apaches and
Navajos compared with other major population groups,
the average number of nucleotide differences between in-
dividuals in either database is comparable to U.S. Cau-
casians (9.0 in Navajos and 7.7 in Apaches versus 7.9 in
U.S. Caucasians) [6].

The pairwise matching data for the Apaches and Nava-
jos demonstrate that there are similarities between the two
groups (Table 4). Pairwise matching frequency is much

lower between each of these two Native American groups
and other major population groups (i.e., African Ameri-
can and U.S. Caucasian, data not shown).

In conclusion, mtDNA population data have been gen-
erated for hypervariable regions, HVI and HVII, in
Apaches and Navajos. Although the data can be catego-
rized predominantly into three major haplogroups (i.e., A,
B, and C), both Native American sample populations ex-
hibit a high degree of mtDNA polymorphism, but not
nearly as high as other major population groups. Never-
theless, the data demonstrate that mtDNA sequencing can
be informative in forensic cases where Native American
population data are used. Moreover, the population data
reported here can be considered of high quality because 1)
both the light and heavy strands of the amplicons were se-
quenced, 2) each sequence was read independently by two
individuals, and 3) the distribution of the haplogroups is
similar to previously reported data [9]. These data will en-
hance the ability of forensic scientists to estimate the rar-
ity of mtDNA haplotype frequencies.
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