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Genealogical Implications of the Linkage of Laura Regan to a New World Founder Haplogroup 
Laura A. Regan, (Benjamin Burkley, and Connie J. Mulligan)
The determination of individual and group mitochondrial DNA (mtDNA) profiles from the d-loop, hypervariable I region has widespread implications.  Through this platform geographical areas of ancestral origin can be discerned, migration patterns of people and languages can be determined, personal identifications can be made, pathologies can be traced, and a multitude of other phylogenetic relationships can be gleaned.  I examined my own mtDNA in an attempt to uncover my genealogical roots and discovered I am classic New World haplogroup A and my sequence data aligns very well with a subset of the Navajo people and various individuals from two locales within north-central Mexico.  While not definitive, this study does shed light on my familial origins and puts to rest any doubt that my maternal lineage did not derive from an Amerindian individual.
Introduction
     It was only with the passing of my great-grandmother that I learned a very interesting aspect of our family ancestry.  The woman I had always known as Evelyn Sullivan, aka “Granny,” was actually Esperanza Maria Verdugo by birth, born in California, of Mexican-American parents.  Granny was ashamed of her origins and had hidden it from me, just as she had hidden her dark skin from the public by liberally powdering it.
     Genealogy, the study of family histories (American Heritage Dictionary), has exploded as an armchair science in America.  With mitochondrial DNA (mtDNA) sequencing technology going mainstream, it’s possible for a layman in Devil’s Lake North Dakota to trace their maternal origins to specific population founder groups, “the 18 Daughters of Eve,” or even “Mitochondrial Eve” herself.  Why, for a mere $245.00 an individual can send away for a mtDNA Native American Test.  Cheek swabs will be analyzed and the consumer will be sequenced for their founder haplogroup.  If male, for an additional $205.00 the same company will examine patrilineal lineage through the Y chromosome to assess tribal affiliation  (GeneTree).  
     MtDNA is an excellent tool for determining maternal lines because of its high mutation rate and high copy number per cell compared to nuclear DNA.  Because mtDNA is only passed maternally with no recombination, changes in sequence nucleotides will only arise from mutations (Mulligan ANG 6930 lecture, 28 Aug 2003).  
     The power of mtDNA to unlock history’s secrets and present-day mysteries has made it one of the most potent tools in a molecular scientist’s arsenal.  MtDNA and molecular systematics have been used in a wide array of studies, from identifying the remains of the last Russian tsar, Nicholas II, and many of his immediate family and staff (Massie 61) to uncovering the identity of the Vietnam War era individual interred in the Tomb of the Unknowns, Capt Michael Blasse, United States Air Force Academy, Class of 1976 (Thomas Holland email conversation, 19 Sep 2002) to determining the history of HIV transmission attributed to a Florida dentist (Freeman and Herron 366) and assessing the phylogenetic relationship through time between hominids and the great apes.
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 Figure 1  Five generations of Verdugo women beginning with Salome Ruiz (married into family).
     With this in mind, I decided to examine my own mtDNA in attempting to resolve various genealogical questions.  While there is ample familial information back to the mid eighteenth century on the paternal lineage on my mother’s side, I can only trace back my maternal lineage four generations (figure 1).  The trail goes cold prior to my great, great grandmother Salome, who along with her husband Ramon Verdugo and their 10 children, were migratory farm workers in and around the city of Glendale, California  Hopefully this mtDNA analysis will allow me to draw further inferences as to my ancestry.  

     In this study, I examined my own mitochondrial DNA to determine: 1) if my sequence data aligned with any of the founder population haplogroups present in the New World; and 2) if based on mitochondrial DNA sequence data alone, I could be classified as belonging to a specific Central American population or if not, which population I most closely did align with and what was the corresponding geographic area my maternal ancestors arose from.
Materials and Methods

     MtDNA extraction was performed using both hair and cheek samples.  Both the hair roots and cheek swab were rinsed in 200μL InstaGene® matrix each, and allowed to incubate at 56oC for several days.  The DNA was then physically separated from the InstaGene®matrix and pipetted off.
    Polymerase chain reaction (PCR) amplification of the mitochondrial D-loop, hypervariable region I (HVRI), was run on six (6) samples: 1μL cheek DNA; 5μL cheek DNA; 1μL hair DNA; 5μL hair DNA; 1μL positive control; and a negative control.  A reaction mix was created using the appropriate amount of primers L15997 and H16401, reaction buffer, magnesium, bovine serum albumin, deoxynucleotide mixture, and AmplitaqGold® DNA polymerase.  The PCR profile was: 95oC-5 min; 35 cycles of 94oC-30 sec, 50oC-30 sec, 72oC-30 sec; 72oC for 5min; 4oC forever.
    Loading dye was added to a portion of each of the six PCR aliquot samples and each was run on an agarose gel to determine if amplification was successful.  The gel was examined using a UV light box and the 1μL cheek DNA sample was chosen to run purification on, based upon its strong signal in comparison to the other cheek and hair samples and the absence of background bands.
    Purification was accomplished using the QIAquick® PCR purification kit according to standard protocols to remove unincorporated primers, nucleotides, polymerase, and salts that would interfere with the cycle sequencing reaction.  The eluted DNA was then quantitated using gel electrophoresis.  Five (5) μL and 10 μL each, of the PCR product were run against a ladder (DNA standard) and a final DNA concentration was interpolated from the two samples based on intensity comparison with the known banding quantities of the ladder.
     Two cycle sequencing reactions were set up: one with an upstream primer, L15997 (light), and one with a downstream primer, H16401, (heavy).  DTCS Quick Start® Master Mix was also utilized for these reactions.  A positive sequencing control using template and primer provided by the manufacturer and the two mentioned reactions were thermal cycled in a PCR machine with a temperature profile of 35 cycles of 96oC-20 sec, 50oC-20 sec, 60oC-4 min.

    The cycle sequencing reactions were next purified to remove unincorporated didideoxynucleotides (ddNTPs) that might interfere with analysis of the dye-labeled ddNTP-terminated fragments from which the DNA sequence would be read.  The samples were precipitated using 95% ethyl alcohol (EtOH), and washed twice with 70% EtOH according to standard protocols and with the incorporation of a stop solution comprised of sodium acetate, ethylenediamine tetracetic acid, and glycogen.
     The sample plate containing the heavy and light primers and the control were loaded into the CEQ 8000 Automated DNA Analysis System® and capillary electrophoresis of the cycle sequencing reactions was performed.  The light strand was selected for analysis based on the least amount of background noise.  The sequence was then edited using the CEQ 8000 software and aligned against the Anderson mtDNA d-loop reference sequence using Clustal and BioEdit software.
     Phylogenetic inferences were made using the National Center for Biotechnology Information BLAST program, performing a standard nucleotide-nucleotide search and the Phylogenetic Analysis Using Parsimony (PAUP) program.  Comparable sequences were sought using HvrBase.
Results

     The nucleotide sequence of a 361-base pair (bp) fragment (nucleotide positions [np]16061-np16421) of the mtDNA d-loop control region, HVRI, was successfully sequenced.  When compared against the Cambridge Reference Sequence, commonly known as the “Anderson” sequence, five (5) transitional mutations were noted, four (4)                      pyrimadine ( pyrimadine substitutions and one (1) purine ( purine substitution     (table 1).  No transversions were present.
     Three (3) separate phylogenetic analyses were performed.  The distance method using general tree reversal and 50% majority rule consensus found 16,000 consensus trees
	np
	Anderson
	Regan

	16111
	C
	T

	16223
	C
	T

	16290
	C
	T

	16319
	G
	A

	16362
	T
	C


     Table 1  Regan sequence polymorphisms by nucleotide positions as compared to the “Anderson” sequence
while maximum parsimony using tree bisection-reconnection and 50% majority rule consensus established 3700 consensus trees of equal, shortest length.  These more simplistic methods served as a platform for the derivation of one maximum likelihood tree, with meaningful branch lengths    (figure 2).  All three (3) trees were rooted by three (3) Neanderthal groups and clearly showed an Asian affiliation for the Regan sequence.  When compared to 105 additional sequences (5 classroom, and 100 world-wide) chosen by the University of Florida Molecular Anthropology team, the Regan sequence consistently separated out from classmates forming a monophyletic group with one of two closely related Chinese sequences.  
     When compared against the four (4) primary New World haplogroups, A, B, C, and D (X was omitted due to alignment of sequence data with other groups), my sequence clearly fell into haplogroup A (table 2).  This sequence possessed the three defining sites for haplogroup A: thymine at np 16223; thymine at np 16290; and adenine at np 16319 (Horai et al. 1993, Kennewick Man).  Note that the Horai et al sequence data spanned np16129-np16569 (1993), which cannot be compared against portions of my DNA sequence that fall outside of this region.
Discussion

     I have a definite western European phenotype, so at first appearance it might seem odd that the Regan sequence consistently separated out from the European lineages and formed a monophyletic clade with a Chinese sample.  This will become clear though, in a moment.
     There are few who would refute that the Americas were first peopled with Asian founders who migrated across the Bering land bridge sometime during the Pleistocene 
	
	
	Haplogroup

	np
	Regan
	A
	B
	C
	D

	16189
	T
	T/c
	C
	T
	T/c

	16217
	T
	T
	C
	T
	T

	16223
	T
	T
	C
	T
	T

	16290
	T
	T
	C
	C
	C

	16298
	T
	T
	T
	C
	T

	16319
	A
	A
	G
	G
	G

	16325
	T
	T
	T
	C/t
	C

	16327
	C
	C
	C
	T
	C

	16362
	C
	C
	T
	T
	C


    Table 2  Control Region Polymorphisms by nucleotide position from Horai et al. (1993) and Kennewick (16 Jan 2003).  Regan sequence as compared to Haplogroups A-D.  Defining sites are highlighted.
Epoch (Horai et al. 1993, Silva Jr et al. 2002, Green et al. 2000).  There is some disagreement though as to whether this migration occurred as a single early entry of ancestral populations into North America or through a series of migrational waves (Merriwether et al. 1995, Bonatto et al. 1997, Silva Jr et al. 2002, Mahli et al. 2002).  
     Irregardless, Asians and Native Americans do share common ancestral lineages with all of the American founder Haplogroups observed in Asia  (Maca-Meyer et al. 2001).  Studies have shown the “North, Central, and South American populations exhibit high frequencies of the same set of rare Asian variants (Horai et al 1993).”  This suggests that all Amerindians were founded by an Asiatic mongoloid population.  Horai et al also discovered 12 polymorphic sites commonly shared between Asian and Native Americans, whereas the other combinations of racial groups share fewer than six sites, providing further evidence of the close affinity of these groups for one another.
     Not only do these groups share genetic markers; they also possess common morphological attributes.  Common, diagnostic, osteological traits found in this group include shovel-shaped incisors and 

complex cranial sutures, including a relatively frequent occurrence of Wormian bones (extra bones found along the lambdoidal suture in the skull) (Burns 38).  Because of these morphological similarities, Asians and Native Americans are loosely classified as mongoloid for forensic work (Burns 119).  While the mitochondrial signature of these individuals will remain fairly constant over time, it is important to note that as admixture increases, morphological distinctions become blurred.
     Therefore, even though I may not exhibit the phenotypic characteristics typical of a Native American, genealogically, I am considered 1/8 Mexican due to maternal inheritance, and thus my mtDNA reflects this aspect of my ancestry.  I was grouped with the Chinese samples simply because there were no Native American groups included in our PAUP analysis to compare sequences against.  In the absence of such sequences, I was lumped in with my nearest relatives, the Chinese.
    I was typed as belonging to haplogroup A.  This is not in and of itself too telling as haplogroup A is the only haplogroup widely distributed among all Native Americans (Merriwether et al. 1995, Bonatto et al. 1997).  Frequencies of haplogroup A are highest in Canada, the eastern United States, and central Mexico (Malhi et al. 2002).  (figure 3).  Haplogroup B is concentrated in the North American southwest (Mahli et al. 2003).  Haplogroup C is fairly uniform throughout   North   America   with   slightly    lower     frequencies    in    Alaska,      while
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Figure 3  North American frequency distribution for haplogroup A (Mahli et al. 2002).
haplogroup D tends to display the opposite trend.  Haplogroup X is the least common and is centered around the Great Lakes in North America (Mahli et al. 2002). 

     Being identified as a member of haplogroup A does not necessarily guarantee American origin.  Because of the close mitochondrial relationship between Asians and Amerindians it’s difficult to pinpoint geographic origin with statistical certainty, since all of the four (4) major founder groups are found in Asia, North America, and South America (GeneTree) (figure 4).  
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Figure 4 MtDNA founder halplogroup migration pattern map (GeneTree.com). 
     This harkens back to my original issue with being linked to the Chinese as a monophyletic group.  To determine if it really was more appropriate to classify the Regan sequence with the New World haplogroup A versus the Asian haplogroup A, I compared my sequence data with that of three (3) Chinese populations and one (1) Japanese population provided by a Blast analysis.  While all the Asian populations did display the defining sites, np16111 was a mismatch compared to both the American and Regan sequences (table 3).  The Regan sequence was therefore determined to be of the American haplogroup A.

     There are a variety of ways to narrow the search to geographic areas and specific tribes.  Due to the construct of my data, I chose simple nucleotide substitution comparison  to  determine   if   my   mtDNA
	Haplogroup A

	np
	Asian
	American
	Regan

	16111
	C
	T
	T

	16223
	T
	T
	T

	16290
	T
	T
	T

	16319
	A
	A
	A

	16362
	C
	C
	C


Table 3 Comparison of nucleotide positions between Asian and American Haplogroup A and the Regan sequence (Blast, Mahli et al. 2003).

aligned with any known samples.  The members of haplogroup A are a very homogenous group with nucleotide diversity for HVR I among these peoples ranging between 0.72% - 0.97% with a mean of .84%.  A similar trend is found among each of the four (4) major founder groups of North America with a range of mean nucleotide diversity values of 0.80% inhaplogroup B to 0.96% in haplogroup D.  The average for all four (4) groups was 0.86%.  The between-haplogroup divergence values are an order of three times higher than within-haplogroup diversity, with an average value of 2.67% (Bonatto et al. 1997).  This trend suggests a possible bottleneck followed by a large population expansion in all four (4) haplogroups (Bonatto et al. 1997, Mahli et al. 2003) with potential founder effects coming into play.  With a relatively slight intra-group diversity, delineating specific lines could be difficult due to a fairly low rate of heterogeneity within each haplogroup.
     Initially, HVRbase was utilized in an attempt to draw phylogenetic inferences from the sequence data base.  This avenue was eventually abandoned due to weak Mexican samples.  I found information on two populations, one ambiguously labeled Mexican and the other from north-central Mexico, but in each case I found the sequence data less than desirable with numerous question marks and “N” values where the original researchers were unable to call the bases.  This trend was also noted in the data for Costa Ricans as well.
     Based on Green et al. 2000, the five (5) transitional mutations in my sequence data (table 1) aligned with five individuals (P4, 5291, C43, C47, and O21) from the Juárez and Ojinaga regions of north-central Mexico.  Unfortunately, the authors do not include any information to decode the individual identifiers, so I cannot draw any inferences as to specific locations of these test subjects.
     Additionally, when compared to the data generated by Mahli et al. 2003, my sequence data fell nicely into one of the Navaho haplogroup A samples (table 4) from northwest New Mexico.  Initially this seemed odd since, recall, that the American southwest is typified by haplogroup B.  Haplogroup A tends to be extremely rare except in the Navajo, Apache, and Nahua, in whom the haplogroup A frequency reaches 51.6%, 63.2%, and 61.3%, respectively  (Mahli et al. 2003).  
     Geographic region of origin and tribal information can also be gleaned from length variation analysis.  One subset of haplogroup A possesses a 9-bp deletion, established through confirmation of an HaeIII site at either np 663 or np 16517 (Green et al. 2000).  Others possess the COII-tRNA intergenic 9-bp deletion (Malhi et al. 2003).  Such analysis was not performed in this study due to a lack of data.  Additionally, specific sex-linked characteristics of various populations can be discerned through examination of Y chromosome nucleotide sequences in males (GeneTree).
     Future studies might be improved by utilizing the entire mitochondrial genome.  The control region makes up less than 7% of the mitochondrial genome, yet this is where nearly all phylogenetic studies have been based (Ingman et al 2000).  “Analysis of polymorphic sites in a less mutable region of the mitochondrial genome, such as a coding region, might help resolve some of the relational questions in Native American haplogroup networks” (Malhi et al. 2002).

     MtDNA utilization is an incredibly salient instrument.  The determination of individual and group mtDNA profiles from the d-loop, HVRI region has a wide range of utility in molecular systematics.  Through the analysis and comparison of such data a diverse array of phylogenetic conclusions can be drawn about fields of study as diverse as the geographical areas of ancestral origin, human migratory patterns, language dispersal, genetic propensity for disease, forensic identifications, evolutionary relationships among or between taxa, and the list goes on and on.
     In the case of this study, I was able to verify my maternal, Mexican ancestry and potentially narrow the origin of that ancestry to the southwestern United States (am I a distant relative of the Navajo nation?) or north-central Mexico.  With the continued influx of sequence data to public databases, it may be possible to pinpoint Granny’s line back to our founding Amerindian mother in the not to distant future.
	
	DNA Sequence (nucleotide positions 16055-16548)

	Sample
	16092
	16111
	16188
	16189
	16192
	16223
	16233
	16290
	16319
	16331
	16362
	16390
	16519
	N

	Anderson
	T
	C
	C
	T
	C
	C
	A
	C
	G
	A
	T
	G
	T
	

	Regan
	(
	T
	(
	(
	(
	T
	(
	T
	A
	(
	C
	(
	(
	1

	Navajo
	(
	T
	(
	(
	(
	T
	(
	T
	A
	(
	C
	(
	(
	2

	Navajo
	(
	T
	(
	C
	T
	T
	G
	T
	A
	G
	C
	(
	(
	1

	Nahua
	C
	(
	(
	(
	(
	T
	(
	T
	A
	(
	C
	A
	C
	1

	Nahua
	(
	(
	T
	(
	(
	T
	(
	T
	A
	(
	C
	A
	(
	1

	Nahua
	(
	(
	(
	(
	(
	T
	(
	T
	A
	(
	C
	A
	(
	1

	Apache
	(
	T
	(
	(
	T
	T
	G
	T
	A
	G
	(
	(
	(
	4


Table 4 Haplogroup A lineages in the North American southwest (Mahli et al. 2003)
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Figure 2  Maximum likelihood tree.  The Regan sequence is highlighted and labeled as “Laura.”








