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ABSTRACT: The Scientific Working Group on DNA Analysis Methods (SWGDAM) Hispanic data set was analyzed to determine the diversity,
phylogeny, and relevant single nucleotide polymorphisms (SNPs) that describe haplogroup patterns for Hispanic Americans (N 5 686), and to
assess the degree of admixture regarding mitochondrial DNA (mtDNA). The largest component of admixture based on mtDNA analysis derives
from the four major haplogroups previously observed in Native American ancestry, including A (29.3%), B (15.7%), C (20.6%), and D (4.8%).
European (17.8%) and African (11.8%) haplogroups also were observed within this data set. Hispanic SWGDAM samples from the southwest,
compared with other SWGDAM Hispanic samples, were observed to have a greater percent of Native American haplogroups present (79.9%), and
fewer African American haplogroups (4.5%). A total of 234 SNPs were observed in the data set, including 36 newly reported variable positions.
These SWGDAM Hispanic data set SNPs ranged from having 1 to 31 changes (Length 5 L) on the phylogenetic tree, with site 16519 being the
most variable. On average, there were 3.9 character changes for each variable position on the tree. The most variable sites (with 13 or more
changes each listed from fastest to slowest) observed were 16519 (L 5 31), 16189 (L 5 23), 152 (L 5 23), 16311 (L 5 19), 146 (L 5 17), 195
(L 5 17), 16093 (L 5 15), 16362 (L 5 14), 16129 (L 5 13), 150 (L 5 13), and 153 (L 5 13). These sites are consistent with other reports on highly
variable positions. A total of 27 SNPs were chosen to identify all clusters containing 1% (N 5 7) or more individuals in the SWGDAM Hispanic
data set. The descriptive analyses revealed that the SWGDAM Hispanic data set is similar to published Native American and Hispanic data sets.
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The Hispanic population is a geopolitical group defined as de-
scendants from Latin America or other Spanish cultures (1). These
cultures are genetically heterogeneous population groups gener-
ally comprised of a tri-hybrid structure of European, Native Amer-
ican, and African contributions. Western Hispanics (e.g.,
Mexicans) are comprised predominantly of European and Native
American ancestry and to a lesser extent African; while Eastern
Hispanics (e.g., Puerto Ricans and Cubans) are comprised pre-
dominantly of European and African ancestry and to a lesser ex-
tent Native Americans (1–7). In U.S. Hispanics the largest
contribution is from European genes. This ethno-history is sup-
ported by analysis with polymorphic autosomal DNA markers.
However, there are differences between nuclear autosomal and
mitochondrial DNA (mtDNA) markers that can impact the esti-
mate of component contributions in Hispanics. The mtDNA is
inherited uniparentally through the maternal lineage. Therefore,
because of directional mating, one would expect the tri-hybrid
admixture structure to be different based on mtDNA than that es-
timated using nuclear autosomal markers (6).

Native American mtDNA is defined by four major haplogroups
A, B, C, and D, and including the X haplogroup as well (8–43).

These genetic subdivisions have been characterized by RFLP
analysis (6,9–31) and sequences of the mtDNA control region
(CR) (8,32–42). Several studies have suggested that the largest of
the maternal admixture components in Hispanics is from Native
American ancestry (6,8,28). Thus, any study of Hispanic popula-
tions might expect to observe the four major haplogroups of
Native Americans and to a lesser extent European and African
mtDNA haplogroups. The Scientific Working Group on DNA
Analysis Methods (SWGDAM) mtDNA database typically con-
sists of sequence data on the hypervariable regions 1 (HV1) and 2
(HV2) of the CR of the human mtDNA genome (43–47). One of
the population groups represented in the data set is Hispanics
(N 5 686). The mtDNA genetic variation in the SWGDAM His-
panic sample is described herein. The data support that the var-
iation observed in the SWGDAM data set is comparable with
other studies on Hispanics and that the major component of ad-
mixture based on mtDNA analysis derives from Native American
ancestry.

Methods

Subjects

Approximately one third of the self-identified Hispanic indi-
viduals in the SWGDAM data set (N 5 686) come from the south-
western (N 5 245, Texas or New Mexico) United States, with the
remainder coming from Connecticut (N 5 148), Illinois (N 5 5),
or from an unknown location (N 5 288).

Data Availability

All sequence designations are based on comparisons with the
revised Cambridge Reference Sequence (rCRS) (48,49). The
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mtDNA sequences and available descriptive data can be found at
CODIS version 1.2 and in Forensic Science Communications
(http://www.fbi.gov/hq/lab/fsc/backissu/april2002/miller1.htm)
(44) with corrected sequences as described by Budowle et al. (50)
and Polanskey and Budowle (51).

Phylogenetic Methods

The Hispanic data set is composed of samples whose complete
CR (positions 16024–16569 and 1–576) has been sequenced
(N 5 449), or those in which only regions HV1 (16024–16365)
and HV2 (72–340) were sequenced (N 5 237). Parsimony analysis
was conducted using the software packages of Winclada and Nona
(52,53). For each analysis, 2000 replicates of the parsimony ratch-
et were conducted to determine the most parsimonious solution.
Recommended search strategies for using the parsimony ratchet
program for large data matrices were followed (52). These anal-
yses include one or two trees held per replicate and trees built
using unambiguous optimizations. Additionally, characters were
treated with equal weighting of data, and with N’s representing
any possible base. Gap regions (i.e., deletions) were treated either
as missing data or as a fifth independent character state, so that
these coded characters could be used to define haplogroups.
Length variants in the hypervariable C stretch regions were omit-
ted from these analyses (54).

An alignment was built and then the most parsimonious phylo-
genetic tree was determined and characterized. Tree statistics
were calculated for tree length, consistency index, and retention
index, as well as for the number of times that each character
changed on a tree (character length 5 L). The important defining
characters for each haplogroup were based on a tree topology and
the lineages and states present. These characters were the variable
nucleotide sequence positions and states, listed in comparison
with the rCRS. After independently determining the positions and
states that define all major clusters on the tree, the results were
compared with reports in the mtDNA literature (8–42). A nomen-
clature for human mtDNA haplogroups is established; therefore,
the SWGDAM data were compared with studies that used similar
character based methods (11,12,22,23,45–47) rather than alterna-
tive methods and/or nomenclatures (32). The nomenclature strat-
egy of Torroni et al. (55) and Kivisild et al. (56) was followed,
where haplogroups are defined as monophyletic groups that are
inferred from the shared mutations that define all members (ac-
commodating some reversals). The major patterns of character
change were described. In addition, it is noted when there are
multiple independent single nucleotide polymorphism (SNP) or-
igins for the affected positions.

Sequence Alignment

Human CR sequences were aligned according to a set of rules
developed for the consistent placement of gaps (57,58) as was
described previously (45–47,59).

Ranking of SNPs

The SNPs were placed into three categories to prioritize which
SNPs were most informative in partitioning the Hispanic SWG-
DAM data set. The first ranking level was based on whether or not
the variable characters were found in two or more individuals. All
shared derived sites that define groups of 1% (n 5 7) or more of
the individuals in the Hispanic SWGDAM data set were listed as a
second arbitrary ranking. These informative sites, defined by nuc-
leotide position and state, were determined by the placement of

characters on the tree topology and thus, all were found on
branches that gave rise to seven or more terminal samples. Char-
acters that appeared as the most discriminating were chosen after
further examination of the amount of the tree that was affected.
The final SNP set was selected to identify highly informative sites
partly by removing some of the SNP sites that defined the same
group.

The Hispanic SWGDAM data set was characterized by com-
paring the defining and variable positions and states, as well as the
observed haplogroups, to other studies (8–42). Individuals were
allocated to the most-derived (smallest) published haplogroup that
could be identified.

Results and Discussion

Forensically Informative Population Data Statistics

The majority of the mtDNA sequences were observed only once
within the Hispanic population data set and its three main sub-
groups. Single occurring haplotypes comprised 51.2% (351/686)
of the Hispanic sequences with a high of 85.4% (169/198) for
southwestern Hispanics and a low of 55.0% (82/149) for Con-
necticut Hispanics (Table 1). The lower percentage of mtDNA
haplotypes observed among the total Hispanic group is most likely
due to the larger sample size. Genetic diversity, calculated ac-
cording to Tajima (60), ranged from 0.980 in the Connecticut
sample to 0.997 in southwestern Hispanics (Table 2). Random
match probability (RMP), calculated according to Stoneking et al.
(61), ranged from 2.79% in the Connecticut Hispanic sample to
0.72% in southwestern Hispanics (Table 2), but the total Hispanic
group had a RMP of 0.65%. The most commonly observed ha-
plotypes for each group are displayed in Table 1. The haplotypes
listed in Table 1 were observed at a minimum of 1.2% or a count
of 3 (which ever was larger) in a data set. To assess whether or not
the most common haplotypes are shared between the Hispanic
subgroups, the southwestern and Connecticut samples were com-
pared, because the provenance is better defined for these two sub-
groups of the SWGDAM Hispanic data. As expected, the common
haplotypes are different between the two groups, although some
are similar. This observation is consistent with their ethnohistory.

Variable SNP Sites

From the phylogenetic analysis, including only informative
characters for all of the Hispanic samples and gaps treated as
fifth states, 849 trees of length 1130 were uncovered (CI 5 0.24,
RI 5 0.86). Variable sites that were found in two or more indi-
viduals in the Hispanic SWGDAM data set (i.e., parsimony in-
formative characters) are listed in Table 3. The SNP sites were
ranked into three categories according to the size of the cluster and
the discriminating quality of the sites. The first ranking (lightest
shade) indicated all variable sites observed in two or more indi-
viduals (N 5 234). The second ranking (darker shaded boxes) de-
lineate SNPs (N 5 75) that defined groups of seven or more
individuals, and the darkest boxes (third ranking, N 5 27) define
a subset of the second ranking that best partitioned the Hispanic
haplogroups. This third ranking was partly determined by reduc-
ing the redundancy among sites for haplogroups that were defined
by multiple SNPs, as well as by choosing common and variable
SNPs.

Of the 234 SNPs observed, 36 of the variable positions reported
in Table 3 were not observed previously in the MITOMAP data-
base (62). These 36 sites all occurred rarely. Accordingly, they
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were ranked in the first category of SNPs (except for position 90),
and observation of these may likely be due to sampling.

All SNP sites were examined on a most parsimonious tree to-
pology. The number of times each character state changed on the
tree (character length, L) was listed for each SNP site in Tables 3
and 4. So that sample size was not a variable in these comparisons,
only those Hispanic individuals that were sequenced for the com-
plete CR (N 5 449) were used in the estimates of character length.
For these characters, length values range from 1 to 31 (average
3.9), with site 16519 showing the greatest number of changes on
the tree. Site 16519 is the most rapidly changing site in other
population groups as well (45–47). SNP sites that changed 13 or
more times on the tree based on full CR sequence data were 16519
(L 5 31), 16189 (L 5 23), 152 (L 5 23), 16311 (L 5 19), 146
(L 5 17), 195 (L 5 17), 16093 (L 5 15), 16362 (L 5 14), 16129
(L 5 13), 150 (L 5 13), and 153 (L 5 13, Table 4). When individ-
uals without the full CR sequence were excluded from the matrix,
30 SNPs previously informative, but now uninformative, were
found and are listed with length 5 0 or 1 in Table 3. All of these
sites were ranked in the first category.

Hispanic Haplogroup Frequencies

The published Native American and Hispanic data (8–42) and
the Hispanic haplogroups herein show similar variation. Approx-
imately 71% of the individuals in the Hispanic data set clustered

TABLE 1—Number of different mitochondrial DNA (mtDNA) haplotypes ob-
served in each database.

Number of
Haplotypes Observed

Number of
Times Observed Total

Total (N 5 686)�

1 24 24a

1 20 20b

1 17 17c

1 14 14d

1 12 12e

2 11 22f

1 9 9g

1 8 8
2 7 14
3 6 18
4 5 20
9 4 36
15 3 45
38 2 76
351 1 351
431 686
Southwest (N 5 244)w

1 10 10a

1 4 4b

7 3 21c

20 2 40
169 1 169
198 244
Connecticut (N 5 149)z

1 18 18a

2 7 14b

1 5 5c

3 4 12d

2 3 6e

6 2 12
82 1 82
97 149
Unknown (N 5 288)‰

1 11 11a

1 8 8b

1 7 7c

2 6 12d

2 5 10e

6 4 24f

4 3 12
20 2 40
164 1 164
201 288

�The most common haplotypes are as follows: a 16223T, 16298C, 16325C,
16327T, 73G, 249-, 290-, 291-, 315.1C; b 16111T, 16223T, 16290T, 16319A,
16362C, 73G, 146C, 153G, 235G, 263G, 309.1C, 315.1C.; c 16182C, 16183C,
16189C, 16224C, 16311C, 73G, 146C, 152C, 207A, 263G, 315.1C; d 16223T,
16298C, 16325C, 16327T, 73G, 249-, 263G, 290-, 291-, 309.1C, 315.1C;
e16111T, 16129A, 16223T, 16290T, 16319A, 16362C, 73G, 146C, 153G,
235G, 263G, 309.1C, 315.1C.; f 16223T, 16325C, 16362C, 73G, 263G,
315.1C; 16083T, 16111T, 16223T, 16256T, 16290T, 16319A, 16362C, 73G,
146C, 152C, 153G, 214G, 235G, 263G, 315.1C, 523-, 524-; g 16223T, 16290T,
16319A, 16362C, 16519C, 64T, 73G, 146C, 153G, 235G, 263G, 315.1C, 523-,
524-.

w The most common haplotypes are as follows: a 16182C, 16183C, 16189C,
16224C, 16311C, 16519C, 73G, 146C, 152C, 207A, 263G, 315.1C, 527N,
530N; b 16223T, 16298C, 16325C, 16327T, 73G, 249-, 263G, 290-, 291-,
309.1C, 315.1C, 489C, 493G, 523-, 524-; c 16223T, 16290T, 16319A, 16362C,
73G, 146C, 153G, 235G, 263G, 315.1C, 523-, 524-; 16223T, 16274A,
16298C, 16325C, 16327T, 16519C, 73G, 249-, 263G, 290-, 291-, 315.1C,
489C, 493G, 523-, 524-; 16223T, 16325C, 16362C, 73G, 263G, 315.1C, 489C;
16069T, 16126C, 16145A, 16222T, 16261T, 73G, 263G, 295T, 315.1C 462T,
489C; 16111T, 16223T, 16290T, 16319A, 16356C, 16362C, 73G, 146C,
153G, 235G, 263G, 315.1C, 523-, 524-; 16223T, 16270T, 16290T, 16319A,
16362C, 64T, 73G, 146C, 153G, 235G, 263G, 315.1C, 523-, 524-; 16051G,
16188T, 16204A, 16223T, 16325C, 16327T, 16362C, 16519C, 16527T, 73G,
249-, 263G, 290-, 291-, 315.1C, 489C, 523-, 524-.
zThe most common haplotypes are as follows: a 16223T, 16298C, 16325C,

16327T, 16519C, 73G, 249-, 290-, 291-, 315.1C, 489C, 493G, 523-, 524-;

b16083T, 16111T, 16223T, 16256T, 16290T, 16319A, 16362C, 73G, 146C,
152C, 153G, 214G, 235G, 263G, 315.1C, 523-, 524-; 16111T, 16129A,
16223T, 16290T, 16319A, 16362C, 64T, 73G, 146C, 153G, 235G, 263G,
315.1C, 523-, 524-; c 16223T, 16327T, 90A, 97A, 106-, 111-, 150T, 189G,
200G, 263G, 315.1C; d 16069T,16126C, 16145A, 16172C, 16222T, 16261T,
73G, 242T, 263G, 295T, 315.1C, 462T, 489C; 16086C, 16183C, 16189C,
16193.1C, 16223T, 16278T, 16298C, 16325C, 16327T, 73G, 249-, 263G,
290-, 291-, 315.1C, 489C, 493G, 523-, 524-; 16093C,16223T, 16278T,
16362C, 16519C, 73G, 263G, 315.1C, 523-, 524-; e 16126C, 16187C,
16189C, 16223T, 16264T, 16270T, 16278T, 16293G, 16311C, 16519C,
73G, 152C, 182T, 185T, 195C, 228A, 247A, 263G, 315.1C, 357G, 523-,
524-; 16189C, 16192T, 16270T, 16320T, 73G, 150T, 263G, 315.1C.

‰ The most common haplotypes are as follows: a 16111T, 16223T, 16290T,
16319A, 16362C, 73G, 146C, 153G, 235G, 263G, 309.1C, 315.1C; b 16223T,
16298C, 16325C, 16327T, 73G, 249-, 263G, 290-, 291-, 315.1C; c 16182C,
16183C, 16189C, 16224C, 16311C, 73G, 146C, 152C, 207A, 263G, 315.1C;
d 16223T, 16298C, 16325C, 16327T, 73G, 249-, 290-, 291-, 315.1C; 16111T,
16129A, 16223T, 16290T, 16319A, 16362C, 73G, 146C, 153G, 235G, 263G,
315.1C; e 16223T, 16325C, 16362C, 73G, 263G, 315.1C; 16083T, 16111T,
16223T, 16256T, 16290T, 16319A, 16362C, 73G, 146C, 152C, 153G, 214G,
235G, 263G, 315.1C; f 16223T, 16298C, 16325C, 16327T, 73G, 198T, 249-,
263G, 290-, 291-, 315.1C; 16111T, 16183C, 16189C, 16217C, 73G, 263G,
315.1C; 16182C, 16183C, 16189C, 16217C, 16319A, 73G, 146C, 263G,
315.1C; 16223T, 16290T, 16319A, 16362C, 73G, 146C, 153G, 235G, 263G,
315.1C.

TABLE 2—Hispanic population groups, sample size, genetic diversity (GD),
and random match probability.

Database N GD� RMP (%)w

Total 686 0.995 0.65
Southwest 244 0.997 0.72
Connecticut 149 0.980 2.79
Unknown 288 0.995 0.88

�GD is calculated according to Tajima (60).
w Random match probability (RMP) is calculated according to Stoneking

et al. (61).

TABLE 1—Continued
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in the A, B, C, or D haplogroups common to Native American and
Hispanic populations. The informative SNPs used to identify the
four main haplogroups are listed in Table 5 and are consistent with

other studies (32–42). The remaining 29% of individuals in the
data set were found to have either recognized European or African
haplogroups.

TABLE 3—Single nucleotide polymorphisms (SNPs) determined from phylogenetic analysis of the mtDNA CR sequences of the SWGDAM Hispanic data set.

CRS Hispanic L CRS Hispanic L CRS Hispanic L CRS Hispanic L

16042 G 2 16256 C T 8 16483 G A 4 234 A 2
16051 A G 4 16257 C 0 16497 A 2 235 A G 3
16069 C T 1 16259 C 1 16519 T C 31 236 T 2
16075 T 2 16260 C 2 16524 A 2 239 T 2
16083 C T 1 16261 C T 4 16526 G 2 241 A 2
16086 T 4 16262.1 D 2 16527 C 5 242 C 1
16092 T 10 16263 T 2 41 C 2 244 A 2
16093 T 15 16264 C T 5 60.1 D 1 247 G A 2
16097 T 1 16265 A 1 64 C T 6 249 A D 2
16098 A 1 16266 C 2 71 G 4 250 T 0
16104 C 1 16270 C T 5 72 T 3 257 A 1
16111 C T 9 16271 T 2 73 A G 8 263 A G 2
16114 C 5 16274 G 7 89 T 2 264 C 2
16124 T C 3 16278 C T 10 90 G A 1 275 G 1
16126 T C 9 16284 A 2 92 G 1 290 A D 1
16129 G A 13 16290 C T 2 93 A 4 291 A D 2
16136 T 2 16291 C 6 94 G 4 292 T 0
16140 T 4 16292 C 4 95 A 3 295 C T 3
16142 C 2 16293 A G 7 97 G A 3 297 A 1
16145 G A 7 16294 C T 6 103 G 2 299 C 1
16148 C 3 16295 C 6 105 C 2 308 C 1
16153 G 5 16296 C 1 106 G D 4 309 C 2
16163 A 3 16298 T C 5 107 G D 4 310 T 4
16168 C 1 16299 A 4 108 A D 4 315 C 1
16172 T 11 16300 A 1 109 G D 4 316 G 3
16175 A 1 16301 C 4 110 C D 4 317 C 1
16176 C 1 16304 T 4 111 A D 2 325 C 1
16179 C 2 16309 A 3 114 C G 1 334 T 1
16181 A 1 16311 T C 19 131 T 2 340 C 4
16182 A C 3 16316 A 2 143 G 8 357 A G 1
16183 A C 7 16318 A 1 146 T C 17 373 A 2
16184 C 7 16319 G T 5 150 C T 13 385 A 4
16186 C 2 16320 C 4 151 C 8 417 G 2
16187 C T 3 16323 T 1 152 T C 23 418 C 1
16188 C T 3 16325 T C 6 153 A G 13 437 C 2
16189 T C 23 16327 C T 2 159 T 2 456 C 3
16192 C T 9 16328 C 0 178 A 1 462 C T 2
16193 C 2 16335 A 2 179 T 1 479 A 2
16204 G 1 16342 T 1 182 C T 6 487 A 1
16209 T 6 16343 A 2 183 A 2 489 T C 3
16213 G 4 16344 C 1 185 G A T 10 493 A G 4
16217 T C 3 16352 T 1 186 C 1 497 C 1
16218 C 4 16353 C 1 188 A 0 498 C 2
16219 A 1 16354 C 1 189 A C G 8 499 G A 3
16221 C 2 16355 C 6 194 C 3 513 G 3
16222 C T 3 16356 T 4 195 T C 17 514 C 2
16223 C T 9 16357 T 7 196 T 1 518 C 2
16224 T C 5 16360 C 3 198 C T 5 523 A D 7
16230 A 1 16362 T C 14 199 T 4 524 C D 7
16234 C 8 16368 T 3 200 A G 5 524.1 D 5
16235 A 3 16390 G A 7 203 G 1 524.2 D 5
16239 C 9 16391 G 6 204 T 4 524.3 D 3
16240 A 1 16399 A 4 207 G A 3 524.4 D 3
16241 A 2 16400 C 2 210 A 1 534 C 2
16243 T 2 16456 G 2 214 A G 4 551 A 2
16247 A 1 16465 C 2 215 A G 3 573.1 D 6
16248 C 1 16467 C 2 225 G 2 573.2 D 4
16249 T 5 16468 T 2 226 T 3 573.3 D 4

228 G 4 573.4 D 3

The numbers refer to the revised rCRS nomenclature system for sites. Light bars refer to the presence of an SNP in the data set (variable site found in two or more
individuals). Medium gray and black bars are SNPs that defined groups with seven or more individuals. Black bars refer to the most informative SNPs based on
phylogenetic analysis and a close examination of the evolution of the character data on a tree. This entails removal of some of the SNPs that defined the same
groups. Character states were listed both for the rCRS and for the more common variable sites (medium gray and black bars). Nucleotides that were observed as
defining characters were listed. When more than one character was listed, this referred to multiple state changes at a site. Length (L) of characters was determined
by counting the numbers of character changes occurring on a most parsimonious tree for the SWGDAM Hispanic data set, with greater length scores indicating
multiple independent gains and/or reversals.

rCRS, Cambridge reference sequence; CR, control region; mtDNA, mitochondrial DNA; SWGDAM, Scientific Working Group on DNA Analysis Methods.
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A Haplogroup

The A haplogroup was seen in 29.3% of the individuals in the
Hispanic data set. This haplogroup was defined by character states
16223T, 16290T, 16319A, 16362C, and 235G. All of these sites
were reported by Yao et al. (63) along with site and state 152C.
Site 152 was variable within the SWGDAM Hispanic data set. Site
16362 showed higher variability in the Yao et al. (63) data set than
in the SWGDAM Hispanic data set, with only two small subclus-
ters (and one other individual) showing reversals. Other studies

(8,11,12,23,29,31) have reported the same HVI variants. Nearly all
of the A haplogroup individuals in the Hispanic data set were fur-
ther characterized by 146C and 153G. Sites that further subdivided
this haplogroup include character states 16083T, 16092C, 16111T,
16129A, 16239T, 16256T, 16311C, 16519C, 64T, and 214G.

The A haplogroup could be divided into several subclusters.
The addition of SNPs 16083T, 16111T, 16256T, 152C, and 214G
(N 5 18, 2.6%) define the major subcluster, while another sub-
cluster is defined by the addition of SNPs 16111T and 16129A
(N 5 8, 1.2%). Forster et al. (26) defined haplogroup A2 based on
the additional presence of site 16111T, although in the present
analysis this site had numerous reversals within the A haplogroup.
These two subclusters are similar to those described in Eskimos
based on variation in HV1, although these groups were not for-
mally named (36). The above subclusters could be newly named
A2a and A2b, respectively.

B Haplogroup

The B haplogroup was distinguished by SNPs 16183C, 16189C,
and 16217C. It was present in 15.7% of the SWGDAM data set

TABLE 4—Single nucleotide polymorphisms (SNPs) determined from phylogenetic analysis of the SWGDAM Hispanic mtDNA CR sequences.

L CRS L CRS L CRS L CRS L CRS L CRS

31 16519 6 16295 4 107 3 499 2 111 1 16240
23 16189 6 16325 4 108 3 513 2 131 1 16247
23 152 6 16355 4 109 3 524.3 2 159 1 16248
19 16311 6 16391 4 110 3 524.4 2 183 1 16259
17 146 6 64 4 199 3 573.4 2 225 1 16265
17 195 6 182 4 204 2 16042 2 234 1 16296
15 16093 6 573.1 4 214 2 16075 2 236 1 16300
14 16362 5 16114 4 228 2 16136 2 239 1 16318
13 16129 5 16153 4 310 2 16142 2 241 1 16323
13 150 5 16224 4 340 2 16179 2 244 1 16342
13 153 5 16249 4 385 2 16186 2 247 1 16344
11 16172 5 16264 4 493 2 16193 2 249 1 16352
10 16092 5 16270 4 573.2 2 16221 2 263 1 16353
10 16278 5 16298 4 573.3 2 16241 2 264 1 16354
10 185 5 16319 3 16124 2 16243 2 291 1 60.1
9 16111 5 16527 3 16148 2 16260 2 309 1 90
9 16126 5 198 3 16163 2 16262.1 2 373 1 92
9 16192 5 200 3 16182 2 16263 2 417 1 114
9 16223 5 524.1 3 16187 2 16266 2 437 1 178
9 16239 5 524.2 3 16188 2 16271 2 462 1 179
8 16234 4 16051 3 16217 2 16284 2 479 1 186
8 16256 4 16086 3 16222 2 16290 2 498 1 196
8 73 4 16140 3 16235 2 16316 2 514 1 203
8 143 4 16213 3 16309 2 16327 2 518 1 210
8 151 4 16218 3 16360 2 16335 2 534 1 242
8 189 4 16261 3 16368 2 16343 2 551 1 257
7 16145 4 16292 3 72 2 16400 1 16069 1 275
7 16183 4 16299 3 95 2 16456 1 16083 1 290
7 16184 4 16301 3 97 2 16465 1 16097 1 297
7 16274 4 16304 3 194 2 16467 1 16098 1 299
7 16293 4 16320 3 207 2 16468 1 16104 1 308
7 16357 4 16356 3 215 2 16497 1 16168 1 315
7 16390 4 16399 3 226 2 16524 1 16175 1 317
7 523 4 16483 3 235 2 16526 1 16176 1 325
7 524 4 71 3 295 2 41 1 16181 1 334
6 16209 4 93 3 316 2 89 1 16204 1 357
6 16291 4 94 3 456 2 103 1 16219 1 418
6 16294 4 106 3 489 2 105 1 16230 1 487

1 497

The numbers refer to the revised rCRS nomenclature system for sites. Length (L) of characters was determined by counting the numbers of character changes
occurring on a most parsimonious tree for the data set. Characters were ordered from the fastest changing sites on the tree to the slowest, with an average of 3.9
changes.

rCRS, Cambridge reference sequence; CR, control region; mtDNA, mitochondrial DNA; SWGDAM, Scientific Working Group on DNA Analysis Methods.

TABLE 5—List of some of the most important positions and nucleotides that
identify major haplogroups in the SWGDAM Hispanic data set.

Haplogroup SNP1 SNP2 SNP3 SNP4 SNP5 SNP6 SNP7

A 16223T 16290T 16319A 16362C 235G
B 16189C 16217C 499A
C 16223T 16298C 16327T 249D 290D 291D 489C
D 16223T 16362C 489C

SNP, single nucleotide polymorphism; SWGDAM, Scientific Working
Group on DNA Analysis Methods.
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(N 5 108). The SNPs 16183C, 16189C, and 16217C were defined
by Easton et al. (22) as haplogroup B1. Only two of 47 individuals
from the Yao et al. (63) data set did not exhibit SNP 16183C,
though this site was not included for defining the B haplogroup.
Similarly, this SNP is not included here as an identifier for the
haplogroup due to the absence of SNP 16183C in other studies
(12,23). In contrast, all but one of the Hispanic individuals in the
SWGDAM data set that were sequenced for the complete CR had
SNP 499A, thus this site was included as an identifier for the ha-
plogroup (Table 5). Because of the presence of 16217C, several
studies (54,59) defined this haplogroup as B4. Other sites that
further subdivide haplogroup B include 16182C, 16111T,
16298C, 16483A, 114G, 146C, and 152C. The B4a haplogroup
was observed rarely (N 5 2), and the B4b haplogroup was not
observed in the SWGDAM Hispanic data set; these were defined
as subgroups of B by the presence of the 16261T and 16136C
polymorphisms (63).

Several additional distinct subclusters within the B haplogroup
were observed in the Hispanic SWGDAM data set. Their presence
likely is due to sampling. One subcluster was defined by the pres-
ence of SNP 114G (N 5 13, 1.9%). This group could be treated as
an additional subcluster of the B haplogroup and may be repre-
sented as B4g. Several other named subclusters (B5a and B5b
haplogroups, defined by site 16140 with either of the variable
SNPs 16266 or 16243, respectively) were not observed in the
SWGDAM Hispanic data set.

C Haplogroup

The C haplogroup cluster was observed in 20.6% of the His-
panic data set (N 5 141) and was defined by character states
16223T, 16298C, 16327T, 489C, and deletions at positions 249,
290, and 291. This pattern was fully described by Yao et al. (63).
However, these earlier studies did not include variant 489C or the
deletions at positions 290 and 291, as observed in the SWGDAM
Hispanic data, most likely because they were not analyzed. Sim-
ilarly, Torroni et al. (10–12), Santos et al. (23), and Easton et al.
(22) described the same HV1 variants referred to as the C2 ha-
plogroup. Moraga et al. (37) reported all of the above deletions in
South American aboriginal populations, although they did not use
the same rules of alignment (57,58) for placing these deletions.
Additional SNPs that further partitioned this haplogroup in the
Hispanic SWGDAM data set included 16051G, 16153A, 16188T,
16298C, 16311C, 16362C, 16519C, 215G, 263G, 493G, and de-
letions at positions 523 and 524. Variation at site 16325C has also
been reported for some populations (23,37). This site rarely
changed in the SWGDAM Hispanic data set and thus could have
been used to define the C2 haplogroup (also see (22,24)).

Variation within the C haplogroup has been partitioned into
clusters C1 and C2 of Easton et al. (22) based on digestion with
HaeIII that corresponds to variation at SNP 16519C. In the SWG-
DAM data set, SNP 16519C is variable and arises several times
independently. Based on SNP nucleotide differences, two addi-
tional haplogroups could be identified, one defined by SNP
16051G (N 5 12, 1.7%) and another subcluster by SNP 493G
and deletions at positions 523 and 524 (N 5 65, 9.5%). These may
be regarded as two new C haplogroup subclusters, C1a and C2a,
respectively.

D Haplogroup

The D haplogroup cluster was observed in 4.8% of the Hispanic
data set (N 5 33) and was defined by character states 16223T,

16362C, and 489C. Santos et al. (23) include the same HVI sites
as defining all Amazonian Native Americans and included
16325C. In the SWGDAM Hispanic data set site 16325C was
variable in 10% of the D haplogroup SWGDAM samples (N 5 4)
and was reported to be variable in some North and South Amer-
ican populations (12,14,37), although this variability is not always
observed (22,23). The most characteristic site for defining the D
haplogroup in southern Chilean and Argentinean Amerindian
populations (i.e., 16187T) was only rarely observed in the His-
panic SWGDAM data set (37). Subclusters D1, (26), D2, D4a
(16129A, 152C), D4b (16319A), and D5a (16266T) were not ob-
served in the Hispanic data set; and haplogroup G2 was observed
only once by defining SNP 16278T (63).

Other Native American Haplogroups

One sample was defined as belonging to the X haplogroup ac-
cording to the character definition of Kivisild et al. (56).

European Caucasian Haplogroups

Many of the previously defined European haplogroups were
observed (N 5 122, 17.8%) in the SWGDAM Hispanic data set.
These include haplogroups H (N 5 45), I (N 5 3), J (N 5 20), K
(N 5 21), T (N 5 10), U (N 5 18), and V (N 5 5). The specific
SNPs used to define the European haplogroups are described else-
where (45,55,64).

African Haplogroups

African haplogroups also were observed (N 5 80, 11.7%) in the
SWGDAM Hispanic data set. These include haplogroups L1
(N 5 22), L2 (N 5 19), and L3 (N 5 39). The specific SNPs
used to define the African haplogroups are described elsewhere
(46,65).

Admixture Component in Hispanics

Based on autosomal markers, the largest admixture contribution
is from European genes (1–7). The mtDNA component differs,
due to a uniparental inheritance, and is comprised predominately
of Native American haplogroups (6). There are also differences in
the percentage of mtDNA haplogroups derived from European
and African descent between southeastern and southwestern (SE
and SW) Hispanic populations (6). SE Hispanic populations have
a larger European and African component and a corresponding
decrease in the Native American contributions compared with SW
populations (1–7).

The largest component of admixture (70.8%) based on mtDNA
analysis for the Hispanic SWGDAM samples derives from the
four major haplogroups previously observed in Native American
ancestry, including A (29.3%), B (15.7%), C (20.6%), and D
(4.8%). European (17.8%) and African (11.8%) haplogroups also
were observed within this data set. Merriweather et al. (6) ob-
served 85.1% of Native American mtDNA haplogroups (com-
bined A, B, C, and D) in a southwestern Hispanic data set from
Colorado (6). Our Hispanic data set is comprised of SE, SW, and
undefined origin samples. Therefore, those from Texas and New
Mexico were evaluated separately and compared with Merri-
weather et al.’s (6) observation as well as the remaining SWG-
DAM data.

Of the Hispanic samples, 245 were collected in Texas
(N 5 222) and New Mexico (N 5 23) and these were designated
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as southwestern in origin. The remaining Hispanic samples in the
SWGDAM data set (N 5 441) do not have clear SW or SE geo-
locations of origin. The southwestern sample shows the admixture
component as 79.9% of Native American origin inlcuding A
(29.8%), B (21.2%), C (22.0%), and D (6.9%). Many recognized
European haplogroups were observed (N 5 38, 15.5%) in the
SWGDAM SW Hispanic data set. These include haplogroups H
(N 5 17), J (N 5 5), K (N 5 12), T (N 5 2), and U (N 5 2). Fewer
African American haplogroups were observed in this SW sample
with a combined L1, L2, and L3 haplogroup frequency of 4.5%
(N 5 11). The total percentages are comparable with the 85.1% of
Native American mtDNA haplogroups, as well as the admixture
components of European and African origin observed in Colorado
Hispanics (6). The remaining Hispanic samples were examined
(N 5 441) and fewer Native American haplogroups were observed
(N 5 288, 65.3%), more African American haplogroups were ob-
served (N 5 69, 15.7%) and the European haplogroup frequencies
were slightly higher (19%) than those seen in the southwestern
populations.

Conclusions

All SNP sites were ranked into three groups based on the level
of discrimination they provided in separating Hispanic haplo-
groups from one another. The variability observed in SNPs was
determined from a phylogenetic perspective with site 16519
showing the greatest variability. Many of these positions have
been well characterized (45–47,55,56,63–65). Additional charac-
ter combinations for haplogroup definition were identified beyond
those currently published. The new information for determining
Hispanic haplogroups will provide a useful baseline for forensic
analyses of these populations.

The mitochondrial lineages observed in Hispanics were readily
characterized as predominantly recognized Native American, with
smaller contributions from European and African haplogroups.
Approximately 71% of the individuals in the SWGDAM Hispanic
data set carry mtDNA haplogroups recognized to Native Amer-
icans (A, B, C, and D). The specific SNPs that defined these major
haplogroups correspond well to the published Native American
data. The proportion of Native American to European/African
mtDNA haplogroups is comparable with other studies. In contrast
to nuclear autosomal data where European Caucasian ancestry
predominates, the major component for mtDNA is Native Amer-
ican (6,8,9). The overall consistency of the Hispanic SWGDAM
data set with other published sequences supports the utility of this
data set for forensic applications (44).
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