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INTRODUCTION

Genealogical records are not perfect. Our ancestors had poor memories just like we do: They bent the truth to make themselves younger or seem more favorable just like we do, and they made up stories just like we do. In addition, genealogical records can be altered, improperly transcribed or recorded, or completely lost, even in the years immediately after their creation.
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As a result, genealogists work with a trail of imperfect and inconsistent bread crumbs, and we use these traces to recreate the lives of our ancestors. Sometimes we do a good job, sometimes we do a poor job, and sometimes we may not know the difference.

Trapped within your DNA, however, are the stories of your ancestors. Although this information was inaccessible to previous generations of genealogists, modern genetic testing has allowed us to extract those stories and begin to add them to the rich genealogical tapestry so many of us spend our lives creating.

Although DNA is a (mostly) unchangeable record of those ancestors who provided bits and pieces of their DNA to the current generation, we are currently limited in our ability to properly interpret the whole record. Indeed, interpreting DNA test results can introduce errors and inconsistencies. As a result, current genetic genealogy testing is not yet a perfect genealogical record either. Only when DNA and traditional genealogical records are combined do we begin to fully extract the full value of genetic testing.

My Genetic Genealogy Journey

I was introduced to genealogy in the seventh grade. My English teacher assigned a short homework assignment: a four- or five-generation family tree that we were to fill out as far back as we could by asking family members for information. My parents recommended that I call my grandmother, as she was one of the oldest members of that generation. During the call, my grandmother recited a litany of names and places completely from memory. I frantically filled out the paternal side of the family tree, then added sheets of paper with even more ancestors. With that one phone call, I was hooked. I’ve spent the ensuing twenty-five years trying to verify those names, learn about those ancestors’ lives, and fill in the blanks that my grandmother couldn’t provide.
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I took my first DNA test in 2003. I was a biochemistry graduate student in Syracuse, New York, and a DNA test was the perfect marriage of the two great loves of my life: genealogy and science. Unlike most other people at that time, who started their DNA journey with a Y-chromosomal (Y-DNA) or mitochondrial-DNA (mtDNA) test, my first test was an autosomal DNA (atDNA) test. It only looked at a little over one hundred markers (compared to the hundreds of thousands of markers used today), but I was once again hooked. That autosomal test was just the first in a very long line of DNA testing, including a full sequence of my entire genome by the Personal Genome Project ten years later.

Along the way, I’ve learned a great deal about my genealogical heritage as a result of DNA testing. I know that my mitochondrial DNA has indigenous, meaning that my mother’s mother’s mother’s mother was indigenous at some point. I know that I carry African and indigenous segments of DNA from Central American ancestors. I know that I have pieces of DNA passed down to me from my French Canadian and Irish ancestors. And I am beginning to identify the parents of my adopted great-grandmother, all due to DNA testing. I’ve used modern genetic testing to extract stories that I was carrying with me all along—stories that my ancestors, including the grandmother who gave me the gift of genealogy, unknowingly passed down to me.

Across the country and across the world, every vial of spit and every cheek swab thrown in the mail with anticipation is overflowing with long-forgotten stories waiting to be unlocked from within a series of As, Ts, Cs, and Gs.

How to Use This Book

This book is intended to be a resource for genealogists of all experience levels, from beginner to expert and everyone in between. If you’ve never taken a DNA test, then you can use this book as a primer to understand what DNA testing is, whether DNA testing is right for you, and how you can use the results of DNA testing to examine your ancestry. My advice is to read the book from start to finish as it is presented, since it is written with more basic information at the beginning and more advanced information toward the end.

Throughout the book, you’ll note special terms, indicated in red. These are important vocabulary words you’ll encounter in your genetic research, and I’ve compiled them into a glossary toward the back of the book for your reference.

If you’ve already taken a DNA test, you can use this book as a reference while you review your test results. After making a quick stop at chapters 1 (basics), 2 (common misconceptions), and 3 (ethics), turn to the chapter relevant to your type of DNA testing: atDNA (chapters 4, 8, and 9), Y-DNA (chapter 5), mtDNA (chapter 6), and X-DNA (chapter 7). Then, read the remaining chapters to ensure you’ve filled in all the blanks and have a complete understanding of the different aspects of genetic genealogy testing.

A genealogist’s education is never complete. It is important that genealogists stay on top of the latest developments in DNA testing and analysis. Accordingly, if you feel you’ve mastered most of the topics presented in this book, turn to the More Resources section in Appendix C for links to some of the best blogs, forums, and mailing lists available. These links will allow you to discover and explore all the latest developments and advances in genetic genealogy.

What’s New in this Second Edition?

The first version of this book was published in the fall of 2016. Autosomal DNA testing was exploding in popularity in the United States and several other countries, and there was a need for education as millions of people received their test results. The Family Tree Guide to DNA Testing and Genetic Genealogy met that need and quickly became the fastest-selling book in the field.

However, as with most areas of modern genealogy, the field of genetic genealogy is changing quickly. In the few years since the first version of the Guide to DNA Testing was written and published, new tests, testing companies, methodologies, and third-party tools have all been introduced. DNA test takers have more choices and opportunities than ever before. But with more selection comes a greater need for education.

This second edition of The Family Tree Guide to DNA Testing and Genetic Genealogy will help you navigate these latest developments, and will help you uncover the history hidden in your DNA. New and updated sections of this book cover new tests and tools such as MyHeritage DNA <www.myheritage.com/dna>, Living DNA <www.livingdna.com>, and DNA Painter <dnapainter.com>, as well as the Big Y-700 test from Family Tree DNA <www.familytreedna.com>.

This book also covers DNA features and topics that have come to age since the first edition’s publication in 2016, including shared matching, ethical questions about the use of DNA information by the government or other third parties, X-DNA advancements, and much, much more!

I wish you the best of luck as you embark on your own DNA journey!

Blaine T. Bettinger

October 2018


PART ONE
Getting Started


1
Genetic Genealogy Basics

Genealogists are family historians, documenting known information about a family and using historical records to recreate and recover information that has been lost due to time and distance. As a result, personal possessions like family Bibles, wartime letters, and dusty daguerreotypes are among the most treasured items a genealogist can receive from an ancestor or relative. These possessions are often unique and reveal information that may otherwise be lost. Passing down these treasured family records and keepsakes is an important tradition that preserves memories for future generations.

However, prior generations have been passing down more than memories and keepsakes to their descendants. At every generation, our ancestors passed down indelible records through their DNA, pieces of themselves that they received from their own ancestors. That inheritance is the reason you have your great-aunt Millie’s curly hair, your grandfather’s heavy eyebrows, or your great-grandmother’s deep blue eyes.

You are the keeper of your ancestors’ DNA, and with a new tool called genetic genealogy, you can unlock that DNA and reveal the secrets it has safeguarded for generations. Indeed, even adoptees who have no knowledge of their biological ancestors can use this tool to find genetic relatives and learn about their biological heritage.


[image: ]

Genetic genealogy was first used to examine historical and forensic questions, such as if certain remains belonged to the Russian Tsarina Alexandra.



In this chapter, we’ll outline the history and basics of genetic genealogy to prep you for the rest of the book. As you read, you’ll learn more about the different types of genetic genealogy testing and how you can use your results to examine your heritage, answer genealogical questions, and solve family mysteries. You’ll learn about which test(s) you should take and what limitations you should keep in mind when reviewing your test results. You’ll also discover (among many other things) some of the third-party tools you can use to wring every bit of useful information from your DNA test.

The History of Genetic Genealogy

Before genealogists used it, genetic genealogy was utilized by scientists and historians to identify genealogical connections between high-profile historical figures. In 1994, for example, mitochondrial-DNA (mtDNA) testing—one of the first tests to become available—was used to identify skeletons found in 1991 in a shallow grave in Ekaterinburg, Russia, as those of the Romanov family who were killed in 1918. Using a low-resolution test, scientists discovered that mtDNA extracted from several of the skeletons (including those hypothesized to be the Tsarina Alexandra—a maternal granddaughter of Queen Victoria in image A—and several of the Tsarina’s children) matched mtDNA obtained from Prince Philip, Duke of Edinburgh, who is a great-great-grandchild of Queen Victoria. Since that early testing, both mtDNA testing and autosomal-DNA (atDNA) testing (another popular type of testing) have identified the remains of Tsar Nicholas II and his entire family, including the Tsarina and all five of their children.


CHARLES DARWIN AND GENETIC GENEALOGY

In the mid-1800s, Charles Darwin first proposed the groundbreaking theories of evolution and natural selection, upon which much of modern genetics is based. Nearly two hundred years later, Darwin’s own genetic roots were examined with a simple DNA test. In early 2010, National Geographic’s Genographic Project tested the Y-DNA of Darwin’s great-great-grandson Chris Darwin of Australia. The test revealed that Chris, and thus most likely Charles, belong to the R1b haplogroup, the most common haplogroup in males of European descent. (We’ll discuss haplogroups in more detail later.)



In a similar way, Y-chromosomal (Y-DNA) testing was used in 1998 to show a genetic match between a male relative of President Thomas Jefferson and a descendant of Eston Hemings, the youngest son of Thomas Jefferson’s slave Sally Hemings. The descendants of Eston Hemings had a strong oral tradition that Eston’s father was indeed Thomas Jefferson, and Eston was said to bear a strong resemblance to Jefferson. Many historians, however, believed that Eston’s father was one of the sons of Jefferson’s sister, which might explain the resemblance. Since the former president had no surviving legitimate sons to pass down Y-DNA to, researchers obtained a Y-DNA sample from five male-line descendants of Jefferson’s paternal uncle, Field Jefferson. Those samples were compared to Y-DNA samples obtained from a living descendant of Eston Hemings, and the two were a genetic match. Today, most historians accept that Jefferson fathered several children with Sally Hemings—including Eston.

Recognizing the power of DNA to examine genealogical relationships, genealogists began to investigate ways to use the tool. A few years after historians successfully used DNA testing to reveal Jefferson’s descendants, a group of scientists including a man named Bryan Sykes conducted a study examining the Y-DNA of forty-eight males in the United Kingdom with the last name Sykes. The low-resolution Y-DNA test determined that almost half of the males were related through their paternal (or surname) line, suggesting a single surname founder for these males. The scientists noted that Y-DNA studies such as the one they had conducted could have numerous applications in forensics and genealogy.

Eventually, the practical implications of DNA testing for genealogists became clear. In early 2000, two companies began offering DNA testing to genealogists: Family Tree DNA <www.familytreedna.com>, based in Houston, Texas, and led by Bennett Greenspan, Max Blankfeld, and Jim Warren; and Oxford Ancestors <www.oxfordancestors.com>, based in Oxfordshire, England, and created by Bryan Sykes of the Sykes surname study. Both companies launched by offering Y-DNA and mtDNA testing to genealogists, the first such commercial products.

Over the next few years, genetic genealogy testing expanded widely, led by large projects that combined Y-DNA testing and surnames, similar to the Sykes study’s methodology. In the fall of 2007, genetic genealogy testing company 23andMe <www.23andme.com> began offering the first commercial atDNA test. AncestryDNA <www.ancestry.com/dna> launched its own atDNA test five years later in 2012, and MyHeritage DNA <www.myheritage.com/dna> and Living DNA <www.livingdna.com> both launched atDNA tests in 2016. Today, these companies offer genetic testing to genealogists of all experience levels and are the leading genetic-genealogy companies. We’ll learn about these and other testing companies in a later chapter.

Genetic Genealogy Today

Genetic genealogy is an essential tool for genealogists. It is an important piece of evidence similar to a census record, will, or land record, and it might be the last piece of information available in locations where records have been lost or destroyed. Although DNA testing cannot answer (or even shed light) on every question, savvy genealogists should at least consider it as part of every genealogical research project.

In the summer of 2015, 23andMe and AncestryDNA each announced they had tested their one-millionth customer, and their customer base is growing with thousands of new tests being sold each month. Although the Family Tree DNA database has traditionally been smaller than 23andMe’s and AncestryDNA’s databases, it is undeniably large and continues to grow rapidly. Additionally, with MyHeritage and Living DNA also offering testing, the number of people that have taken a genealogy DNA test has easily exceeded 20 million at the time of publication, and continues to grow by leaps and bounds.

As the databases’ sizes grow, so does the power of genetic genealogy. New connections, tools, and discoveries will be made possible as more and more people take DNA tests.

A Little Genetics: What is DNA?

You don’t need to have an advanced degree in molecular biology or genetics to understand genetic genealogy. You don’t even need to remember anything from that biology course you took in the tenth grade. This brief introduction—and some details provided in each individual chapter—will be more than enough to help you understand how to use genetic genealogy testing for your research project.

The cell, the basic unit of life, uses genetic material called DNA to control the vast majority of its functions, beginning with the division of its parent cells and ending with its ultimate death. DNA (short for deoxyribonucleic acid) is a component of the cell that carries instructions for the development and operation of all living things. A small percentage of the DNA comprises genes, short segments of DNA that are used as the blueprints to create a protein or an RNA (ribonucleic acid) molecule. Scientists also continue to find secondary functions for the non-coding regions of DNA, which don’t specifically create proteins or RNA.

A molecule of DNA is composed of a string of millions of smaller units called nucleotides. Together, two intertwined DNA molecules interact to form a single double-helix structure called a chromosome in the nucleus—or control center—of the cell.

A normal human cell has ninety-two long molecules of DNA that pair up to form forty-six double-stranded chromosomes. Each of these, in turn, forms a chromosome pair with another similar—but not identical—chromosome, to create twenty-three different chromosome pairs.

Confused? Here’s a table that breaks down the different levels of organization of DNA:
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In addition to the DNA in the nucleus, hundreds or thousands of copies of a very small circular strand of DNA are found in the many mitochondria outside the nucleus. Mitochondria are tiny powerhouses of the cell responsible for, among other things, creating the energy our cells need to function.
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Each person has a unique genetic makeup, comprising twenty-two sets of chromosomes, a pair of sex chromosomes, and rings of mtDNA. These come together to form the human karyotype. This photo is courtesy of Darryl Leja of the National Human Genome Research Institute.



Image B, a karyogram, is a photograph of a human’s karyotype, which is all of the chromosomes of the human cell arranged in pairs in a numbered sequence from longest to shortest. To make a karyogram, researchers stain chromosomes with a special chemical, then take a photograph of the stained chromosomes. The chromosomes are then digitally rearranged into pairs and organized into a specific numbered sequence. This karyogram also includes a ring of mtDNA for reference.

In this book, we will examine the four types of DNA used for genetic genealogy: atDNA, Y-DNA, mtDNA, and X-DNA.

Autosomal DNA (atDNA) is composed of pairs of chromosomes found in the nucleus of the cell. Humans have twenty-three pairs of chromosomes (forty-six total), of which twenty-two are autosomal DNA (or “autosomes”) and one is Y-DNA and/or X-DNA (sex chromosomes; see the respective sections). One copy of each chromosome is inherited from the mother and one copy from the father. An atDNA test reveals information about both paternal and maternal lines, and most commercial tests examine this kind of DNA. We’ll discuss this test more in chapter 4.

Y-chromosomal DNA (Y-DNA) focuses on the Y chromosome, one of the two sex chromosomes that determines gender (the other being the X chromosome). Only men have a Y chromosome, and a Y-DNA test reveals information about the (male) test taker’s Y chromosome, which is exclusively passed from fathers to sons. We’ll go into more detail about the Y-DNA test in chapter 5.

Mitochondrial DNA (mtDNA) is a small, circular piece of DNA found in the cell’s energy factory, the mitochondria. This is the only DNA not found in the cell’s nucleus. mtDNA is passed exclusively from mother to child, and an mtDNA test reveals information about the test taker’s direct maternal (or “umbilical”) line. Chapter 6 focuses on mtDNA testing.

X-chromosomal DNA (X-DNA) focuses on the X chromosome, one of the two sex chromosomes that determine gender (the other being the Y chromosome). Women have two X chromosomes, one from their father and one from their mother; men have one X chromosome from their mother. X-DNA is usually tested as part of an atDNA test. For men, the X-DNA test (the subject of chapter 7) reveals information about maternal lines. For women, the X-DNA test reveals information about both maternal and paternal lines.

Two Family Trees: One Genealogical and One Genetic

One of the most important aspects of understanding and interpreting DNA test results is that everyone has two very different (but overlapping) family trees: one that’s genealogical (reflecting familial relationships) and one that’s genetic (reflecting genetic makeup and patterns of inheritance). In short, your genealogical family tree will contain everyone in your genetic family, but not vice versa.

The Genealogical Family Tree

The first—and probably best-known and most-studied—family tree is the genealogical family tree, which contains every ancestor who had a child who had a child who had a child, and so on. A fully grown genealogical tree (image C) contains every parent, grandparent, and great-grandparent back through history. In most cases, this is the tree that genealogists spend their time researching, often using paper records such as birth and death certificates, census records, and newspapers to fill it in. Many genealogists find that the paper trail ends or becomes much more difficult to identify beyond the 1800s or 1700s, making it difficult to fill in many of the openings in the genealogical family tree.
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Your genealogical family tree comprises all of your known ancestors.



The Genetic Family Tree

The second family tree is the genetic family tree, which contains only those ancestors who contributed to your DNA. While this overlaps with your genealogical family tree, not every person in a genealogical family tree contributes a segment of his or her DNA sequence to the test taker’s DNA sequence. A parent does not pass on all his DNA to his children (only about 50 percent); as a result, bits and pieces of DNA are lost in each generation. Your genetic family tree likely contains fewer ancestors than your genealogical family tree somewhere between five and nine generations back.

As shown in image D, where green cells indicate that the ancestor provided DNA to the test taker and white cells indicate that the ancestor did not provide DNA to the test taker, the genetic tree is actually just a subset of your genealogical tree. A genetic tree is guaranteed to contain both biological parents, who each contributed approximately 50 percent of the test taker’s entire DNA sequence. The genetic tree also likely contains each of the test taker’s four biological grandparents and eight biological great-grandparents. But it is much less likely with each generation that every person in the genealogical family tree contributed a piece of their DNA to the test taker’s DNA.
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Your genetic family tree (marked in green) comprises the ancestors who passed on their DNA to you, which will not include all the ancestors you know about (i.e., a genetic family tree is a subset of your genealogical family tree).



Since test takers have a genetic family tree that is a subset of their genealogical family tree, a person will often share his genealogical family tree with another individual, but their genetic family trees do not overlap. This simply means they did not both inherit the same DNA from their shared ancestor. These individuals are genealogical cousins but not genetic cousins, as genetic cousins share both a genealogical and a genetic link to one another (i.e., they share one or more recent individuals in their genetic family trees and therefore share detectable amounts of DNA from this common ancestor). Biological first cousins, for example, always share DNA and therefore will always be both genealogical cousins and genetic cousins.

Unfortunately, no one has yet been able to construct a very complete genetic family tree, due in part to the lack of extensive databases combining paper genealogy and genetics. With the recent development of tools that combine genetic testing with family trees, however, genetic genealogists are beginning to reconstruct portions of their genetic family trees.


CORE CONCEPTS: GENETIC GENEALOGY BASICS

• Genetic genealogy started as a tool in history and forensic science. In 2000, DNA companies began offering genetic tests for use in genealogy.

• Genealogists use four different kinds of DNA in testing: mitochondrial DNA (mtDNA), Y-chromosomal DNA (Y-DNA), autosomal DNA (atDNA), and X-chromosomal DNA (X-DNA). You’ll want to employ different tests depending on your research goals.

• Everyone has two sets of ancestors: a genealogical family tree (ancestral family members) and a genetic family tree (ancestors who contributed DNA). The genetic family tree is a subset of the genealogical family tree and can sometimes be hard to pinpoint.




2
Common Misconceptions

DNA evidence is a powerful tool for genealogists. It can support or correct family trees and pedigrees, find new relatives you never knew existed, and help you learn about your family’s ancient origins. However, DNA is not magic. Just as a census record or deed alone cannot provide all the answers to your genealogical questions, DNA is not a miracle solution to all research problems. To be successful, genetic genealogists must diligently work with their DNA test results and combine them with other types of records to reach a defensible conclusion.

In many ways, scientists, prosecutors, and genealogists have oversold DNA as a cure-all solution for understanding health, solving crimes, and breaking through brick walls. As a result, people have many misconceptions about how DNA can be used. For example, even if law enforcement has an excellent genetic sample, DNA cannot solve every crime or identify every suspect or perpetrator. Even if researchers spend billions of dollars on genetic research, DNA cannot explain all causes of disease or provide a cure for all illnesses. And even if genealogists have the best tools and enormous databases of test takers to draw from, DNA cannot break through every brick wall. Understanding the limitations of DNA evidence is vital during all aspects of DNA testing, including when creating a testing plan, reviewing results, drawing conclusions, and writing about or sharing results. Mastering these tips will help you avoid the mistakes that genetic genealogists most often make.

In this chapter, we’ll address some of the most common misunderstandings about genetic genealogy and why they’re incorrect. As we examine each individual type of DNA test in later chapters, you will gain an even more in-depth understanding of the benefits and limitations of genetic genealogy.

MISCONCEPTION #1: Genetic genealogy is just for fun.

There is no doubt that genetic genealogy is a fun and interesting new way to explore genealogy. Popular mainstream television shows like Finding Your Roots and Who Do You Think You Are? use DNA testing to support and augment the powerful family stories shared by celebrity guests. Print and online advertisements from 23andMe <www.23andme.com>, AncestryDNA <www.ancestry.com/dna>, and MyHeritage <www.myheritage.com/dna> popularize ethnicity estimates, leading many thousands of people to purchase DNA tests and explore their roots. Young people in particular have been drawn to genealogy in greater numbers than ever before due in no small part to genetic genealogy. But can genetic genealogy only be used for entertainment?

A genealogist should examine every possible record that can shed light on a genealogical question. If you wonder whether Great-great-great-grandfather Ned owned land in rural New York (where he lived), you should of course check land records. But you should also check tax records, probate records, and any other records that might be helpful. Accordingly, a genealogist should use DNA testing whenever it may shed light on a question or whenever it can support an existing conclusion or hypothesis. The Smith line may be the most well-documented line you’ve ever reviewed or constructed, but have you tested your conclusions with DNA? Are you certain there weren’t any non-paternal events—breaks in the expected Y-DNA line due to adoption, infidelity, or other causes—that may not have shown up in the documentary evidence?

DNA testing is fun, but it’s much more than a form of entertainment. It is a piece of evidence, just like any census record, vital record, tax record, probate record, or land record, that should be evaluated as a potential tool for every research question. Eventually, considering DNA testing should become as reflexive to genealogists as checking an ancestor’s census returns and vital records.

MISCONCEPTION #2: I’m a woman, so I can’t take a genetic genealogy test myself.

Contrary to popular belief, women can take almost every genetic test (with just one exception), and both male and female genealogists can benefit from the results of all types of DNA testing.

This misconception is due to technical limitations in early genetic genealogy. Back in the days when genetic genealogy was primarily Y-DNA and mitochondrial-DNA (mtDNA) testing, genealogists were repeatedly told that only men can take a Y-DNA test, which is accurate. Although women have always been able to take an mtDNA test, the early form of this test was not as genealogically informative as a Y-DNA test. Indeed, most of the emphasis was on Y-DNA testing for the first ten years of genetic genealogy (2000–2010), and so some women in the genealogy community felt excluded.

But women can even participate in Y-DNA testing, albeit not directly. For example, a woman interested in her Y-DNA line could find another living (and willing) source of that DNA. Fathers, brothers, uncles, or male cousins are all potential sources of Y-DNA for testing. In some cases in which you can’t find a father, uncle, or brother, the source may be several generations removed. But the secret to finding these sources is to do what every good genealogist does: Use documentary genealogical research to find a paternal-line descendant who is willing to take a Y-DNA test.

Further, there is no limitation on who may take an autosomal-DNA (atDNA) test. atDNA examines many different lines of the family tree, rather than just the paternal (Y-DNA) and maternal (mtDNA) lines. Everyone can therefore take an atDNA test

MISCONCEPTION #3: DNA testing will provide me with a family tree.

One of the biggest misconceptions surrounding genetic genealogy is that the results of a DNA test are a magic bullet for revealing your family tree. Unfortunately, a DNA test alone does not provide a family tree. (Or, at least, none of the tests that are currently available will!) A test taker does not log into her DNA testing account and see a partial or complete family tree as part of the results. Instead, as we’ll see in chapter 4, the test taker usually receives two categories of information: an ethnicity prediction and a list of genetic matches who share one or more segments of DNA with the test taker.

DNA evidence in conjunction with traditional research, however, is a powerful tool that can help you research and re-create your family tree. For example, the name of your great-grandmother is not directly encoded in your DNA, so simply analyzing your DNA with a test cannot reveal her name. However, clues to your great-grandmother’s identity are encoded in your DNA; she gave you some of her DNA, and you share some of that DNA with your genetic and genealogical cousins. Through DNA testing, documentary research, and hard work, you can collaborate with these genetic cousins to identify your shared ancestry, which may include your great-grandmother or your great-grandmother’s ancestor. This collaborative effort helps confirm branches of an existing family tree and helps break through brick walls.

Similarly, a genetic genealogy test can sometimes make it easy to find an existing family tree. Adoptees who take a DNA test and are able to connect with their biological families will also simultaneously receive biological family trees for one or both sides of their newly identified family. Although not all adoptees find their biological family after taking a DNA test, DNA testing increasingly is able to identify one or both parents of most adoptees.

To put it another way: Like most genealogical research, DNA testing cannot reach its full potential without context. In most cases, that context is the documentary research that the test taker or the test taker’s genetic matches have performed on their family trees.

MISCONCEPTION #4: DNA results are too narrow to be worthwhile.

This misconception is most commonly found in news articles about genealogy testing. For example, articles often highlight the fact that several types of DNA testing can only reveal information about a tiny percentage of your ancestry. Indeed, a Y-DNA test only examines the direct male line (your father’s father’s father, and so on). Similarly, an mtDNA test only examines the direct female line (your mother’s mother’s mother, and so on). A ten-generation family tree contains up to 1,024 ancestors at the tenth generation, but a Y-DNA or mtDNA test will each reveal information about just one person out of those 1,024 ancestors.

However, the authors of these articles fail to understand the incremental nature of genealogical research. Most genealogists spend a great deal of resources—both time and money—attempting to uncover even the smallest piece of information about single individuals within their family tree. Further, as we’ll see in later chapters, being able to focus on one ancestor using DNA is incredibly valuable. The fact that your Y chromosome or mtDNA is found in just one of your 1,024 ancestors at the tenth generation, for example, is part of what makes Y-DNA and mtDNA testing so powerful!

The authors of these articles also usually fail to understand atDNA testing, in which one DNA test examines many different lines of the family tree. Instead of obtaining information about just one ancestor in each generation, atDNA testing can potentially examine each of the many ancestors that provided DNA to our genomes. In the future, atDNA testing may even help identify ancestors who failed to provide DNA to us. (In other words, ancestors who are part of our genealogical family tree but not part of our genetic family tree; we’ll talk more about this in chapter 4.) This ability to examine multiple ancestors with a single test also makes atDNA testing more challenging, but that is part of genetic genealogy’s fun!

MISCONCEPTION #5: DNA testing will reveal my health information.

This misconception has its grounding in some truth. One of the driving forces behind sequencing the first human genome was to use the information to understand causes of disease and to find cures or treatments, so most genetic testing was done for medical reasons before the advent of genetic genealogy and personal genomics. As a result, it’s not surprising that people anticipate the results of a genetic genealogy test will reveal their health information to both themselves and the testing company.

Indeed, there’s no question that a genetic genealogy test can reveal health information about the test taker. The genetic genealogy testing company 23andMe, for example, tests hundreds or thousands of locations in the genome that can be health informative, then provides that information to test takers. Additionally, some DNA testing may inadvertently reveal health information, perhaps because a new scientific discovery uncovers a previously unknown health-related implication of the small percentage of the genome analyzed by genetic genealogy testing. Or the analysis can uncover one of a very few rare conditions that are already known to be related to the test taker’s health or other medical condition. For example, sequencing a commonly tested region (or marker) on the Y chromosome, DYS464, can reveal a serious deletion of a chromosome segment that results in male infertility. This deletion is very rare, occurring once in every four to eight thousand men. Some metabolic diseases can also be detected by full mtDNA sequencing.

However, you have several reasons not to be overly concerned about the possibility of revealing health information. While at one time it was thought that sequencing a person’s DNA would reveal what illnesses they would contract in their lifetime, current DNA testing simply can’t lead to such dramatic conclusions in most cases. Indeed, the 1997 movie Gattaca examined this now-erroneous prediction, with its main character, a man in the not-so-distant future with a DNA sequence that determines a short life expectancy, having to fight against the genetic-based discrimination he faces. Scientists have discovered that the correlation between health and genetics is extremely complex and that the environment plays a much larger role in determining our health. With the exception of individuals with serious genetic diseases that were already diagnosable before the advent of genetic genealogy testing, a DNA test does not reveal our major illnesses or eventual cause of death.

Further, with the exception of 23andMe, which intentionally offers health information as part of its test, most of the major genetic testing companies intentionally do not test health-related locations of the genome. And even if they do test for these locations, some scrub that information from the test results and do not provide it to the test taker.

Accordingly, as this misconception has a strong basis in reality, test takers should be aware of what they may learn about themselves before agreeing to take a test. Even though the correlation between our health and DNA is weak (and that even if armed with your entire DNA sequence of six billion nucleotides, a scientist can almost never predict your health, major illnesses, or cause of death), test takers who remain worried about privacy and health can further alleviate their concerns by only testing at a company that intentionally does not provide health information.

MISCONCEPTION #6: My parents and grandparents are deceased, so genetic genealogy won’t help me.

Although the ability to test parents and grandparents is invaluable, it’s not necessary to successfully use DNA, and you can take advantage of some workarounds. Genetic genealogy is based on using DNA from today to understand and uncover the mysteries of yesterday; the DNA you walk around with today, which you inherited from your parents and grandparents, can be used to study your genetic family tree without testing any other relatives. Accordingly, don’t despair if the answer you seek requires DNA from someone other than yourself. In most cases, DNA can be found in other living people who can be identified using traditional genealogical methods.

For example, males carry the Y-DNA that was given to them by their fathers, who received it from their fathers, and so on. As a result, there’s usually no need to use Grandpa’s Y-DNA when you predict that your (or a living male relative’s) Y-DNA will be the same. But testing can be more difficult if you’re looking for Y-DNA from someone in your family tree other than your direct paternal line. To obtain that Y-DNA, you can trace the ancestor’s male descendants and find a living direct male descendant willing to take a Y-DNA test. Similarly, first cousins received a huge amount of atDNA from the shared grandparents, and second cousins received a significant amount of atDNA from the shared great-grandparents.

The more family members you test, the easier it usually is to make discoveries and breakthroughs. At every generation, 50 percent of the previous generation can be lost if only one person tests. For example, you only carry half of your father’s DNA and half of your mother’s DNA, and on average you only carry 25 percent of the DNA from each of your four grandparents. If you can test your parents or grandparents, you can regain the 50 or 75 percent that might otherwise be lost. Similarly, testing aunts/uncles and siblings will regain an additional (though lesser) percentage since they inherited some of the same DNA and some unique DNA from your shared ancestors. We’ll learn much more about this in chapter 4.

MISCONCEPTION #7: The government or my health insurer will use my DNA.

Many people choose not to undergo DNA testing because they are afraid the results could be utilized for nefarious purposes, including by insurance companies and law enforcement agencies. Although the likelihood that your DNA will be used for an unintended purpose is extremely low, every genealogist must consider the implications of DNA testing before purchasing or taking a genetic genealogy test.

There is no question that we lose some control over our genetic information when we send away a saliva sample, although the major DNA testing companies go to great lengths to protect the genetic information in their databases. The pertinent question, therefore, is what a loss of control could potentially mean.

As we just learned, the correlation between our health and DNA is weak for most test takers, and so you needn’t worry too much about having sensitive information about your health revealed through DNA. For the most part, your DNA test results will simply reveal that you need to eat better and exercise more—advice you have probably heard already. Although specialized DNA testing can reveal more serious diseases for a very small number of people, most commercial genetic genealogy testing is designed to avoid this information.

Additionally, US federal law grants some limited protection in the form of the Genetic Information Nondiscrimination Act of 2008 (or GINA). GINA prohibits the use of genetic information by employers (who have fifteen or more employees) to make hiring, firing, or promotion decisions, and prevents health insurers from using genetic information to deny coverage or increase premiums. GINA, however, is not an absolute bar, and thus genetic information could potentially still be utilized by entities offering life insurance, disability insurance, and long-term care insurance.

And, while it is possible that law enforcement agencies could potentially obtain your raw data from a DNA testing company, it is unlikely. There is no chain of custody for DNA test results from a commercial genetic genealogy company, meaning that the law enforcement agency cannot reliably ascertain that the DNA came from you. Subpoenaing this information from a testing company is also an expensive and complicated mechanism by which to obtain your DNA, and most of the major testing companies have indicated that they will not submit this information to law enforcement agencies unless they are legally forced to do so. We leave a trail of DNA everywhere we go, and thus it is far easier and cheaper for an agency to analyze a cup you leave behind at a restaurant or a bag of garbage you leave at the curb than to obtain a sample from a private testing company.

However, note that it is possible for your DNA to be used to implicate you or a relative in a crime that you or that relative committed, via third-party tools such as GEDmatch <www.gedmatch.com> (discussed in chapter 8). In 2018, genealogists assisted law enforcement in California by using GEDmatch to identify a suspect in the Golden State Killer (GSK) crime spree of the 1970s and 1980s. An old DNA sample from a GSK crime scene, presumably from the perpetrator, was processed by an outside lab. Then a DNA data file was uploaded to GEDmatch to look for genetic cousins of the perpetrator. A few distant family members were identified, and the family tree of these distant family members was constructed and analyzed. Eventually, these GEDmatch connections led to a tentative suspect when combined with other evidence. Law enforcement then obtained a discarded DNA sample from the suspect, and traditional DNA testing by an outside lab confirmed that the discarded DNA matched the DNA from the GSK crime scene. The suspect was arrested in April 2018. Since that time, law enforcement has used this technique and the GEDmatch database to identify suspects in other crimes. And in 2019, Bode Technology announced that the company’s forensic genealogy service would search files in the Family Tree DNA database <www.familytreedna.com> to identify leads in cases such as those involving law enforcement.

Accordingly, it is important to consider this use of the Family Tree DNA and GEDmatch databases, and to inform your relatives of this possibility before uploading their DNA to GEDmatch. Many users support this use of the database and happily agree to assist with the identification of suspects, while others believe it is a violation of their privacy and/or a misuse of their DNA. Neither position is right or wrong. Instead, each test taker must decide how they feel about law enforcement use of GEDmatch and thus decide whether they will use or not use the database.

Having considered this, many of the concerns you might have about the privacy of your information is unfounded. While sending away a DNA sample to a testing company necessarily relinquishes some control over your DNA sequence, you’re unlikely to face negative consequences from giving up that control. However, it is important that every test taker understand the ways in which their DNA may be used—particularly by third-party resources. While the testing companies make every effort to avoid government and law enforcement use of their databases, some third-party tools are not as reticent and may allow, for example, law enforcement use. We have a duty to inform ourselves—and the relatives we ask to test—about these possible uses.

MISCONCEPTION #8: Because my mother/father/sibling shares atDNA with a genetic match, I should also share atDNA with that person.

Unless you understand how DNA is transmitted from one generation to the next, it’s easy to believe that you share all of your parent’s or sibling’s matches. If my father shares DNA with his fourth cousin, shouldn’t I share DNA with that same cousin (my fourth cousin once removed)? And if I don’t, does that mean I’m actually not my father’s child?

The answer depends on the genealogical relationship. As we’ll see in chapter 4 on atDNA, the likelihood of sharing DNA with genealogical relatives is very high for close matches and very low for distant matches. The table below provides estimates from 23andMe, AncestryDNA, and Family Tree DNA of the likelihood that genealogical relatives will share a detectable amount of DNA in common. (At time of publication, MyHeritage DNA did not provide this information.)
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While your father may have had a 45-percent chance of sharing DNA with that fourth cousin, your likelihood of sharing DNA with that same cousin—who is your fourth cousin once removed—is significantly less. However, if your parent’s or sibling’s genetic match is predicted to be very close, such as a first cousin, you should still share DNA with that genetic match.

This relates back to the concept of a genealogical family tree and a genetic family tree. Unless your sibling is an identical twin with the same DNA, your genetic family tree and your sibling’s genetic family tree will be only partially overlapping. Your sibling will have some ancestors in his or her genetic family tree—and hence some genetic cousins and matches—who you don’t have, and vice versa.
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Remembering which of your ancestors share DNA (and which share DNA with you) can be confusing. The Venn diagram above displays the possible relationships between a father’s and mother’s lines and that of their children.



The same is true for your parent’s genetic family tree. However, since you only inherited 50 percent of your parents’ DNA, you are a subset of each parent’s genetic family tree. As a result, you must share each and every one of your true genetic matches with one (or both) of your parents, but your parents do not need to share each of their genetic matches with you.

Image A shows the overlap of matches between two parents and their two children. Both the mother and father have matches who each of the children don’t have. Each child’s universe of possible genetic matches, however, is entirely within the father and mother’s match lists. The children share many of their matches in common (“Matches shared by father and both children” and “Matches shared by mother and both children”) but each share matches with a parent that the other does not share.

In many cases, the mother and father will share genetic matches as well, but the parents are shown as not sharing any DNA or genetic matches for the purposes of this diagram.

MISCONCEPTION #9: I should share DNA with my genealogical relatives.

This misconception is closely related to the previous misconception. Many test takers purchase a DNA test expecting to receive a list of all genealogical relatives who have also taken a DNA test. However, because each generation receives only 50 percent of the DNA from the previous generation, you will actually fail to match most of your genealogical cousins, at least beyond about the fourth-cousin level. As the previous table shows, while you will match all your second cousins and closer relatives, the likelihood of matching fourth cousins and beyond gets exceedingly rare with each generation.

This does not mean, however, that you and a fourth cousin who does not share DNA with you can’t both have the same common ancestor in your genetic family trees. In order to share DNA with a genealogical relative, all of the following conditions must be met:


	You inherited DNA from a certain ancestor.

	Your genealogical cousin inherited DNA from that same ancestor.

	You and your genealogical cousin inherited at least some of the same DNA from that shared ancestor.



If you and a genealogical cousin fail to share DNA in common, one or more of these three conditions have not been met. Another condition is that the shared segment(s) of DNA must be detectable, meaning it must be a sizeable enough segment of DNA to be identified by the testing company. We’ll talk more about company thresholds in chapter 4.

Understanding who you might share DNA with—and the many reasons you might not share DNA with them—is one of the most important aspects of genetic genealogy.

MISCONCEPTION #10: My ethnicity estimate from the testing company should match my known genealogy.

The ability to predict ethnicity based on the genealogical family tree is one of the biggest misconceptions in genetic genealogy. It is also one of the biggest complaints from test takers, confusing and angering people who expect their ethnicity estimate to perfectly match their known genealogy.

However, it is usually very difficult, and sometimes impossible, to predict an ethnicity estimate based on known genealogy for a number of reasons. First, as we’ll see in chapter 9, ethnicity estimates are inherently limited by several factors including the size and composition of the reference populations—the populations from all over the world to which every test taker is compared—used for the analysis. The testing companies are continually adding to their reference populations, but they are still relatively small. As a result of these factors, an ethnicity estimate is simply an estimate and thus should not be considered an absolute or final determination. Indeed, it should be expected that every ethnicity estimate will change at least slightly over time as reference populations continue to grow and the testing companies improve their ethnicity estimate algorithms.

In addition to the inherent limitations of ethnicity estimates, it’s difficult to predict an individual’s ethnicity due to the limited knowledge most people have about their genetic family tree. As we saw in the previous chapter, everyone has both a genealogical family tree and a genetic family tree, with the genetic tree being a small subset of the genealogical tree. However, the issue for ethnicity estimates is that you don’t know which subset of your genealogical tree makes up your genetic tree.
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Ethnicity estimates given by testing companies may not reflect all your ancestors’ ethnicities. Rather, they only roughly estimate the ethnicities of your genetic family tree (highlighted in green) and can leave out ethnicities of ancestors who didn’t pass on their DNA to you (such as ancestors highlighted in blue).



For example, image B shows a genetic family tree with a particular ethnicity of interest highlighted in blue. However, the individuals in the tree who actually provided DNA to the test taker are highlighted in green. Since the individuals highlighted in blue failed to provide any DNA to this particular descendant, their ethnicity cannot be detected using only this descendant’s test results. And since this isn’t on the test taker’s Y-DNA or mtDNA line, those tests will not detect this ethnicity either. There is no question that this ethnicity existed in the test taker’s family tree, but it cannot be detected with the test taker’s current test results. The test taker’s sibling or other descendant of the individuals highlighted in blue may, however, contain DNA that will enable analysis of their ethnicity, another reason to test many different family members.

This phenomenon will occur all across the test taker’s family tree, meaning that the test taker cannot predict which ancestors’ ethnicities might be detected. Further, as we’ll see in later chapters, even for ancestors who are located within the test taker’s genetic family tree, such little DNA is passed down after a few generations and that some ethnicities may not be detected.

In some instances, the test taker may have a family tree with roots in a single location for hundreds of years, such as in England or continental Europe. In this case, it is often possible to have a good approximation of this ethnicity estimate, although even these populations cannot exactly predict the ethnicities of the genetic family tree. Most people come from regions of the world where populations have not been completely stable and weren’t isolated for the hundreds or thousands of years it takes for ethnicity to be well defined.

MISCONCEPTION #11: The relationship prediction provided by the testing company is the actual genealogical relationship.

Each of the testing companies provides a relationship prediction based largely on the amount of DNA the test taker shares with the genetic match. The relationship predictions are usually a range of possible relationships rather than an exact relationship prediction. Each of the major genetic genealogy testing companies has a slightly different set of relationship predictions. Family Tree DNA provides a relationship range (image C), such as a range from second cousins to fourth cousins. AncestryDNA arranges matches into categories such as “1st Cousin” and “2nd Cousin,” but also provides a possible relationship range (image D). Clicking on the question mark next to each relationship range produces a pop-up with additional information. Testing company 23andMe also provides relationship ranges. In image E, the relationships range from second cousin to fourth cousin. Clicking on a match reveals a profile page with a more specific relationship prediction. MyHeritage similarly provides relationship ranges such as “3rd–5th cousin” (image F). We’ll learn a lot more about these relationship predictions in chapter 4.

Though the testing companies provide a relationship prediction, the test taker is not guaranteed that the prediction is the exact genealogical relationship between those individuals. Similar relationships can result in similar amounts of DNA being shared by genetic matches, complicating relationship predictions. For example, a first cousin and a first cousin once removed may share similar amounts of DNA with a relative. Further, relationship predictions are complicated when there are multiple relationships within the family tree. As just one example, double first cousins (relatives who share both sets of grandparents in common; e.g., if a pair of brothers has children with a pair of sisters) can share an amount of DNA very similar to half-siblings. Other, more distant relationships can also impact the predictions. Additionally, relationship predictions cannot be accurate at more distant genealogical relationships. For example, a seventh cousin and a tenth cousin typically share very small but possibly similar amounts of DNA with their relatives.
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AncestryDNA
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MyHeritage DNA



Even with these limitations and misconceptions, genetic genealogy can be an informative and exciting addition to traditional research that can help answer specific genealogical mysteries. There are many—even hundreds—of genealogical success stories thanks to the proper use of genetic genealogy. To read about just a few of these inspiring success stories, see the International Society of Genetic Genealogy (ISOGG) Success Stories <isogg.org/wiki/Success_stories>. In part two of this book, we’ll dive into the different types of DNA testing and how they may be used to advance your genealogical research.


CORE CONCEPTS: COMMON MISCONCEPTIONS

• Genetic genealogy can be entertaining, but it is also an essential research tool for every genealogist.

• Anyone can take an atDNA or mtDNA test. Although only men can take a Y-DNA test, women can find a male relative to take a Y-DNA test for their research.

• DNA testing, alone, does not provide the test taker with a complete family tree. Although mtDNA and Y-DNA tests examine just one person in each generation, that is part of what makes them such powerful research tools.

• DNA testing can potentially reveal health information, but understanding the different company offerings and how the tests can reveal health information can help prevent most issues.

• Although testing parents and grandparents can be useful, those relatives are not necessary to utilize genetic genealogy.

• Since your genetic family tree is just a small subset of your genealogical family tree, you will not share DNA with all of your genealogical relatives. In fact, you will not share all of your parent’s or sibling’s genetic matches, as you inherit only 50 percent of your parent’s DNA, and you only share about 50 percent of your DNA with your sibling.

• You cannot accurately predict your ethnicity estimate based on your known genealogy. Similarly, relationship predictions from testing companies are just estimates and should only be considered as possible relationships requiring additional research.




3
Ethics and Genetic Genealogy

Should you tell your uncle that he doesn’t share DNA with his sister (your mother)? Does it make a difference if that uncle is thirty-five or ninety-five years old? Should you help an adoptee who is predicted to be your first cousin (meaning one of your aunts or uncles had a child you didn’t know about), or should you ignore her requests?

Since DNA can both reveal unexpected biological relationships and disprove expected relationships, DNA testing can raise many ethical issues. Not every test taker will encounter these tough questions, but as more people are tested, more opportunities for these issues arise. Making test takers aware of the possible outcomes of DNA testing (as we’ve done throughout this book) can help prevent some of these issues, but this chapter will discuss how to work through these difficult questions that result from DNA testing and provide some ethical frameworks to consider when making decisions.

Ethical Issues Encountered by Test Takers

If you or a relative are considering DNA testing, what are some of the ethical issues you might face? How should you deal with these issues once you discover them? Before we discuss how to anticipate or deal with any ethical issues, we will first take a brief look at a few of the ethical issues or dilemmas that might be encountered by a test taker or genealogist as a result of DNA testing. There are many more, with others just being discovered as DNA testing becomes increasingly powerful.

Relationship Disruption or Discovery

Genetic testing can result in the discovery of genealogical relationships that the test taker didn’t know existed. It is commonplace to find unknown second or third cousins as a result of DNA testing, since these relationships are more distant and families often lose track of each other after only a few generations. However, finding a new relative at the first-cousin level (or even closer) can be unexpected. For example, it is not uncommon to find new half-siblings, aunts/uncles/nieces/nephews, first cousins, or other previously unknown close relatives through test results. These relatives can result from a wide variety of family situations and are likely to be a complete surprise to nearly everyone involved or perhaps a family secret that was widely known but not discussed.

Genetic testing can also disrupt a genealogical relationship that the test taker thought was based on a genetic relationship. In this surprisingly common scenario, the test taker and a relative—usually a second cousin or closer—both take a DNA test and discover they don’t share DNA as expected. The two relatives may discover they share absolutely no DNA in common. “Misattributed parentage” is the term given to the situation where a DNA test result suggests that a relationship is inaccurate, most commonly in Y-chromosomal DNA (Y-DNA) testing or when doing autosomal-DNA (atDNA) testing of close relatives (second cousin or closer). Misattributed parentage is much harder to detect if the relationship is further back in time.

Several ethical questions can arise when a DNA test unexpectedly reveals or disrupts a genealogical relationship. For example, the most logical question that may arise is whether you should share this information with the relative(s) that it impacts. If you ask a first cousin to take a DNA test and he doesn’t share DNA with you—meaning that he is not actually your first cousin—do you share that information with him, his parents, or your parents? As we’ll discuss in a later section, you likely have an ethical obligation to share his results with him. Would it be ethical to keep this information a secret? Sensible, ethical people will possibly disagree on the proper course of action in this scenario, and there are no laws that require a specific response.

As another example, say you receive a request for assistance from a new close relative who was adopted (such as a predicted first cousin). The logical question that will arise is whether you should assist this new first cousin by sharing information with her. Should you share information about your family that the person could use to potentially identify her biological parent (who will be your aunt or uncle), should you ignore her request, or should you ask her not to investigate this connection? Your response to the new relative scenario might be different if, for example, the new relative appears to be a maternal half-uncle, and your maternal grandparents (one of whom appears to have been his parent) are deceased. In this scenario, fewer of the “key players” are involved, and the revelation of a new family member may have less of an impact. Once again, sensible and ethical people will disagree on the proper course of action.

Unfortunately, many test takers do not understand prior to testing that the results can discover new relationships or disrupt long-held relationships. Other test takers ignore the possibility because they are confident in their genealogical hypotheses. However, test takers should be prepared to handle scenarios in which they discover either new relatives or that their existing “relatives” aren’t actually biologically related.

Adoption

Adoptees are one of the earliest and largest communities to embrace genetic genealogy testing, as it often provides the ability to circumvent stringent state laws regulating adoption records. As a result, test takers may find they are closely related to an adoptee about whom they may or may not have had prior knowledge.

Discovering an adoption can lead to many difficult ethical issues. For example, what are the test taker’s obligations to the adoptee? What are the test taker’s obligations to his or her own family? Should adoptees be able to circumvent state laws that were enacted to restrict access to the facts surrounding an adoption? Whose rights should prevail: the adoptee’s, the biological parents’, or the adoptive parents’? Everyone should have a right to their own DNA and genetic heritage. Regardless, navigating this minefield of potential ethical issues can be difficult.

Donor Conception

In the decades since sperm and egg donation first became possible, donors were promised anonymity, if they so desired. Many donors relied on that promise when they decided to go forward with the donation. However, the resulting offspring can circumvent that anonymity for less than a hundred dollars with the purchase of a DNA test.

Although every child deserves to have that information about his or her genetic heritage, this clearly conflicts with the anonymity that was promised to the egg or sperm donor. Unfortunately, the only way to protect the anonymity of donors is to completely prevent any and all DNA testing, an action that would have far more damaging consequences. Despite the ability of DNA testing to easily reveal information about egg and sperm donors, these donors are sometimes promised anonymity even today. As such, promising anonymity to a donor today is highly unethical.

Privacy

Privacy is a major concern for genetic genealogists. For example, DNA test results can implicate not just the test taker, but also the test taker’s close family members and even the test taker’s distant genetic relatives. Given these far-reaching consequences, should a test taker be able to take a DNA test without the permission of close relatives? Should a test taker publicly share information about matches without the permission of everyone in the list? These privacy issues are among the most prevalent in the genetic genealogy community.

Preventing and Resolving Ethical Issues

Learning more about DNA tests and their results is the most effective way for test takers to prevent and deal with the ethical issues raised by testing. As a result, genealogists must have an in-depth understanding of the possible ethical issues in order to educate themselves and other test takers.

As genealogist Debbie Parker Wayne wrote in the Association of Professional Genealogists Quarterly, most genealogists “believe that handling genetic information in the same way we handle genealogical information gathered from documents is the best path—that ‘genetic exceptionalism’ is not a valid theory for genealogy, even if it may have medical applications.” However, genealogists who are handling genetic information potentially full of family secrets have limited guidance on how to deal with this sensitive information.

Since DNA is not unique in its ability to reveal unknown, secret, or forgotten genealogical information, genealogists should see how their colleagues have dealt with privacy and ethical issues in other areas of genealogical research. For example, the National Genealogical Society’s Standards for Sharing Information with Others <www.ngsgenealogy.org/wp-content/uploads/NGS-Guidelines/Guidelines_SharingInfo2016-FINAL-30Sep2018.pdf>, originally written in 2000, advises genealogists to “respect the restrictions on sharing information that arise from the rights of another … as a living private person,” and “require evidence of consent before assuming that living people are agreeable to further sharing of information about themselves.”


GENETIC EXCEPTIONALISM

DNA testing is a genealogical source that provides the test taker with information about one or more genealogical relationships, which by their nature are personal and often sensitive. But do the results of DNA testing merit different treatment than conclusions drawn from other types of genealogical records?

Genetic exceptionalism is the belief that genetic information is unique and needs to be treated in a different way from other genealogical information. Proponents of genetic exceptionalism believe that genetic information requires strict and explicit protection, in part because of DNA’s ability to reveal information not just about the individual, but also about the individual’s family. In addition, DNA is in some ways predictive, as it can indicate predisposition towards (or even the presence of) certain genetic and/or medical maladies, some of which can be dangerous.

There is no question that genetic testing can reveal family secrets both new and old. Indeed, tens of thousands of genetic genealogists purchase DNA testing for exactly that reason: to discover the truth behind their own family secrets. Many other genetic genealogy testing customers learn about family secrets they never knew existed. Some people will be thrilled to learn the truth about these family secrets, while others might be devastated. And with genetic testing becoming increasingly prevalent, these secrets are being revealed at an incredible rate.

But does DNA really reveal that much more information about families than traditional genealogy research? Other types of genealogical records, such as census records, birth certificates, deeds, or tax records, often provide similar information for genealogists. For example, a birth certificate can reveal that parents who raised a child were in fact not its biological parents, or a census record can reveal that a family was in fact a blended family due to the census taker’s use of words like “half” or “step.” After all, unexpected pregnancies, infidelity, adoption, divorce, and other family events that can trigger emotional responses are not experiences found only in modern times.

Even without DNA testing, genealogists may be able to uncover potentially sensitive information about relatives. A descendant of Helen Bulen, born about 1889 in New York, for example, might be surprised to discover her age from a census record. Although family relationships were not recorded in the 1892 New York state census, families were usually accounted for together. In this record, three-year-old Helen Bulen is living with Frank Bulen (age fifty-three) and Helen Bulen (age sixty-two). Although Helen would later identify Frank and Helen as her parents in a Social Security application, clearly Helen Bulen could not have given birth to Helen in 1889 at approximately age fifty-nine.

Similarly, a descendant or relative of Leander Herth might be surprised to discover in the 1900 census that Leander was a “foundling” boy born in June 1898. Although Leander was a foundling, he possessed the surname of the family he was living with in the census, and it would be easy for a descendant to believe that he was a biological child of Joseph and Emma Herth. Many relationships and events are lost through time, either intentionally or inadvertently.
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The detail “foundling” in Leander Herth’s entry describes a family situation that’s more complicated than a genealogist may have originally believed, especially since Leander went by the surname Herth.



In addition to traditional records used for genealogical research, adoptees have been pushing for access to sealed adoption records. These records, perhaps more than any other, contain direct evidence of non-biological family relationships. In 2010, for example, the state of Illinois passed a law giving adoptees over age twenty-one the right to request a copy of their original birth certificates. Since the law went into effect, the state has issued more than ten thousand birth certificates to adult adoptees according to a 2014 article by the Chicago Daily Law Bulletin <www.chicagolawbulletin.com/Archives/2014/05/22/Adoption-Birth-Certificate-5-22.aspx>. Other states have enacted or are considering enacting similar laws. These laws have revealed thousands of non-biological family relationships without involving DNA. Accordingly, DNA does not have a monopoly on revealing family secrets.

Although genetic exceptionalism has many proponents, particularly in academic circles, the theory has been soundly rejected by many genetic genealogists who work with all different types of genealogical records on a daily basis. Given the kind of information available to genealogists through other types of records, it seems illogical to object to DNA testing because it reveals information about the individual and an individual’s family without also objecting to all forms of traditional genealogical research and laws that open records to adoptees. All records have the potential to reveal information about non-biological family relationships, and the kind of family events that can be turned up by modern DNA research and trigger emotional responses from descendants—adoptions, miscarriages, infidelity, divorce, etc.—aren’t unique to modern times.

Although DNA is capable of revealing information about a test taker and the test taker’s relatives and ancestors, it is just one of many such record types. Genealogists use a multitude of different record types to recover and rebuild information about both biological and non-biological relationships of the past and present. Just as genealogists must be careful about revealing information discovered about living people in census records or other record types, genealogists must be careful with the information revealed about living people by DNA testing.



Similarly, the Code of Ethics of the Board for Certification of Genealogists (BCG) <bcgcertification.org/ethics-standards/code>, which only regulates board-certified genealogists but provides insight into this issue, requires that these genealogists “keep confidential any personal or genealogical information disclosed to [them], except to the extent [they] receive consent to share.”

Arguably, these broad standards and ethical guidelines provide enough guidance for genetic genealogists. However, they often do not specifically address the ethical issues that can arise from DNA testing. Fortunately, these governing bodies continue to update their standards. As of late 2018, the BCG’s Code of Ethics includes a section on protecting people who provide DNA samples.

The Genetic Genealogy Standards

Recognizing this lack of guidance, a group of genealogists and scientists came together in the fall of 2013 to draft standards for DNA testing. Over the course of the next year, this group drafted a document called the Genetic Genealogy Standards, which was officially released on January 10, 2015 as an invited paper at the Salt Lake Institute of Genealogy Colloquium <www.thegeneticgenealogist.com/2015/01/10/announcing-genetic-genealogy-standards>. A copy of the Genetic Genealogy Standards is available at <www.geneticgenealogystandards.com>.

The Genetic Genealogy Standards are directed to “genealogists,” which is defined in the Standards as anyone who takes a genetic genealogy test, as well as anyone who advises a client, family member, or other individual regarding genetic genealogy testing. As a result, the Standards are directed at consumers rather than genetic genealogy testing companies.

The Standards are divided into two sections: The first section is directed to standards for obtaining and communicating the results of DNA testing, and the second section is directed to standards for interpreting DNA test results.

There are no absolutely right answers or absolutely wrong answers when it comes to ethical questions raised by genetic genealogy testing. However, the Genetic Genealogy Standards were written to help provide some guidance in preventing and responding to these ethical questions. In this section, I’ll outline some of the most important points presented by the Standards and explain some of the reasoning behind them.

STANDARD #1: Company Offerings


“Genealogists review and understand the different DNA testing products and tools offered by the available testing companies, and prior to testing determine which company or companies are capable of achieving the genealogist’s goal(s).”



This mandates that genealogists have at least a basic understanding of the various types of DNA testing and what the testing companies offer. DNA testing can be expensive, especially when testing at several different companies.

Accordingly, it is important that, in order to maximize our testing dollars, or the testing dollars of the relatives we ask to test, we ensure that the tests we order are capable of achieving our goals. We should not, for example, order an mtDNA test to examine the paternal line of a family tree (which, as we’ll see in chapter 5, will more likely benefit from Y-DNA testing).

STANDARD #2: Testing with Consent


“Genealogists only obtain DNA for testing after receiving consent, written or oral, from the tester. In the case of a deceased individual, consent can be obtained from a legal representative. In the case of a minor, consent can be given by a parent or legal guardian of the minor. However, genealogists do not obtain DNA from someone who refuses to undergo testing.”



The ethical concerns of genetic genealogy testing has never been more clear than in a 2007 New York Times article describing the great lengths that genealogists would go to obtain DNA from relatives, often without consent <www.nytimes.com/2007/04/02/us/02dna.html>. As profiled in the article, some genealogists essentially “stalk” potential relatives to get their DNA information, resorting even to salvaging a needed test subject’s coffee cup from a garbage can.

Under the Standards, however, any effort made without consent, either from the provider, a legal representative, or a parent/legal guardian, is prohibited. The only exceptions are situations in which DNA testing is specifically mandated by law or court order. For example, some genealogists are routinely involved in cases in which an individual refuses to test but is forced to do so pursuant to a court order.

STANDARD #3: Raw Data


“Genealogists believe that testers have an inalienable right to their own DNA test results and raw data, even if someone other than the tester purchased the DNA test.”



This standard also advises that a genealogist must make raw data available to the person who provided the DNA sample. For example, if a genealogist purchases a test for an aunt, the genealogist must make the raw data available to the aunt even though she didn’t purchase the test. This promotes openness and sharing among those who purchase tests and those who provide the DNA that is analyzed by the test. This also reinforces the belief of many genetic genealogists that individuals have a right to their own genetic heritage.

Fortunately, the major testing companies make raw data—e.g., a GG result at location rs13060385 on chromosome 3—available to the test taker, so testing or recommending testing at these companies falls within the guidelines of the Standards. The Standards do not, however, specifically address a scenario in which a genealogist recommends a test at a company that doesn’t return raw data. Would recommending such a test violate the Standards?

STANDARD #4: DNA Storage


“Genealogists are aware of the DNA storage options offered by testing companies, and consider the implications of storing versus not storing DNA samples for future testing. Advantages of storing DNA samples include reducing costs associated with future testing and/or preserving DNA that can no longer be obtained from an individual. However, genealogists are aware that no company can guarantee that stored DNA will be of sufficient quantity or quality to perform additional testing. Genealogists also understand that a testing company may change its storage policy without notice to the tester.”



Formulating an efficient DNA testing plan capable of addressing a research goal is an essential component of responsible and informed genealogical research. Often this research plan will involve decisions about current and future DNA testing. As we’ll discuss later in the book, Family Tree DNA is the only company (at the time of publication) that offers the ability to order a DNA test using a stored sample remaining from a previous test or sample collection. Accordingly, if future testing—such as an upgrade or a different type of test—is an option, then storage options must be considered. This may involve, for example, only testing at Family Tree DNA, or testing at multiple companies including Family Tree DNA. Understanding all of the testing strategies and storage options available is an essential facet of genetic genealogy testing.

STANDARD #5: Terms of Service


“Genealogists review and understand the terms and conditions to which the tester consents when purchasing a DNA test.”



Unfortunately, consumers don’t read terms of service agreements before they accept them, in part because of the time it would take to read them all, and in part because they are often written in barely comprehensible legalese. In 2005, the computer repair business PC Pitstop added a clause to its End-User License Agreement offering a large financial reward to whoever contacted them at a given e-mail address. Amazingly, it took three thousand sales and five months before the first person discovered and responded to the clause to claim the reward <techtalk.pcpitstop.com/2012/06/12/it-pays-to-read-license-agreements-7-years-later>. With DNA test results, it is important that genealogists read and understand the possible implications of testing prior to purchasing or recommending a test.

STANDARD #6: Privacy


“Genealogists only test with companies that respect and protect the privacy of testers. However, genealogists understand that complete anonymity of DNA tests results can never be guaranteed.”



Once again, privacy is emphasized as an important aspect of DNA testing. Although it almost goes without saying that a genealogist shouldn’t test with a company that doesn’t protect a test taker’s privacy, the Standards committee felt this was too important to omit.

However, it is also vitally important that everyone who agrees to take a DNA test understand that no one can guarantee complete anonymity of DNA test results, even if a test taker uses a pseudonym. Indeed, the goal of most DNA testing is to find genetic matches. It should come as no surprise, therefore, that the results of DNA testing can be used to identify the test taker even if the test is anonymous or de-identified by the testing company.

STANDARD #7: Access by Third Parties


“Genealogists understand that once DNA test results are made publicly available, they can be freely accessed, copied, and analyzed by a third party without permission. For example, DNA test results published on a DNA project website are publicly available.”



Once a test taker agrees to make her DNA publicly available, there is no further protection for that DNA. Publishing results on the website of a surname project, for example, means that anyone is free to copy and use those results; there is likely no copyright protection in raw DNA data. Further, when someone accesses DNA test results on a public website with whom he has no contractual arrangement, there is no restriction on how those results can be utilized. For example, law enforcement used raw DNA results available through the free GEDmatch <www.gedmatch.com> database to help find the famed Golden State Killer in 2018. As a result, it is important that genealogists understand the effect of making DNA test results publicly available.

The benefits of DNA testing must always be balanced with concerns about privacy for both the test taker and the test taker’s genetic and genealogical family members. While the only way to keep DNA completely private is to avoid DNA testing—although even this is not an absolute guarantee—the power of DNA testing to reveal genealogical information cannot be realized if it is never tested.

STANDARD #8: Sharing Results


“Genealogists respect all limitations on reviewing and sharing DNA test results imposed at the request of the tester. For example, genealogists do not share or otherwise reveal DNA test results (beyond the tools offered by the testing company) or other personal information (name, address, or email) without the written or oral consent of the tester.”



Asking relatives for their DNA can be challenging. People often have reasonable concerns about privacy and the misuse of test results that prevents them from testing. To alleviate their concerns, it is possible to offer the relative restrictions on sharing of their test results. For example, it is common to use a pseudonym or initials when testing a relative.

Once an individual has agreed to undergo testing, any restrictions she puts on that test must be honored unless the test taker—or perhaps a legal representative or heir—is contacted to change the terms of the original agreement or arrangement. This is even true if the original restrictions hinder future research. For example, if a relative asked to use a pseudonym, the relative’s name cannot be shared with genetic matches unless consent has been established. The relative’s raw data or test results cannot be uploaded to a third-party site like GEDmatch, for example, unless the relative’s consent has been obtained.

The Standards don’t address a situation in which a test taker provided a genealogist consent to test DNA with certain restrictions, and later died. Does future consent have to be obtained from the heirs of the test taker, or does the deceased test taker no longer have any rights to the DNA? These questions remain to be answered, and may not have a direct correct or incorrect answer.

STANDARD #9: Scholarship


“When lecturing or writing about genetic genealogy, genealogists respect the privacy of others. Genealogists privatize or redact the names of living genetic matches from presentations unless the genetic matches have given prior permission or made their results publicly available. Genealogists share DNA test results of living individuals in a work of scholarship only if the tester has given permission or has previously made those results publicly available. Genealogists may confidentially share an individual’s DNA test results with an editor and/or peer-reviewer of a work of scholarship.”



Genealogists have long recognized the importance of privatizing and redacting the names of living people. In the DNA realm, however, genetic genealogists have been slow to embrace privatization. It is far too easy to take a screenshot of results and innocently share it online or in a presentation without removing the names of matches.

Matches should only be revealed if they’ve given explicit permission. Although this can be impractical with a long list of matches, it is necessary to protect privacy. There may be a few exceptions to this rule—for example, an author sharing test results with an editor or peer-reviewer in an unpublished work of scholarship. (The names in this book’s examples are either anonymized or fictional, or the author has received explicit permission.)

One gray area, however, is when results are shared with just one other person or a small group of people. For example, if a genealogist looks over his results with a friend or family member, should he first somehow redact the list of genetic matches? Or what if a genealogist displays her results during a meeting of a small DNA special interest group? These questions are unresolved, but most genealogists believe there can be an adequate balance between privacy and exploring results with others.

STANDARD #10: Health Information


“Genealogists understand that DNA tests may have medical implications.”



It is easy to tell a test taker that AncestryDNA, Family Tree DNA, Living DNA, and MyHeritage, for example, do not reveal health information about the test taker (23andMe intentionally tests for and reveals health information). However, this is an inaccurate statement. As we will see in the chapters about Y-DNA and mitochondrial DNA (mtDNA), some tests can reveal health information. Not only can the results of Y-DNA, mtDNA, and atDNA testing be mined for information about certain known medical conditions, but these results may lead to more discoveries in years to come as scientists better understand DNA. An otherwise innocent result today may indicate a propensity for a trait or medical condition tomorrow.

Accordingly, the most a genealogist can promise test takers is that a test through AncestryDNA, Family Tree DNA, Living DNA, and MyHeritage, does not intentionally look for health information and usually does not reveal health information about the test taker.

STANDARD #12: Unexpected Results


“Genealogists understand that DNA test results, like traditional genealogical records, can reveal unexpected information about the tester and his or her immediate family, ancestors, and/or descendants. For example, both DNA test results and traditional genealogical records can reveal misattributed parentage, adoption, health information, previously unknown family members, and errors in well-researched family trees, among other unexpected outcomes.”



Understanding before testing that DNA test results can disrupt existing relationships and uncover new ones can prevent many of the ethical issues that arise. As the size of the commercial DNA testing databases grows, it becomes progressively easier to detect and solve these revealed and disrupted relationships. This is a decidedly positive development for anyone trying to uncover their genetic heritage, but it can also raise ethical questions that we’ve discussed in detail in this chapter.

Applying Ethical Standards in Research

Now that we’ve examined some potential ethical issues that you may encounter through genetic genealogy testing (and the ethical standards encouraged by members of the genetic genealogy community), how should you behave ethically while doing research? Many people will travel their DNA journey without experiencing any unexpected results, while others might encounter an ethical issue with their very first test results. This doesn’t mean that people should be fearful of genetic genealogy. Rather it simply means that people must be aware of the possibilities and be prepared for them.

In practice, there are a series of simple steps that you can take to avoid or mitigate the impact of these ethical issues:


	Understand the possibilities. Be aware of the possible outcomes of DNA testing, including the possibility of discovering new close relatives you didn’t know existed, as well as the possibility of discovering that close relatives are in fact not related to you. This chapter explains many of these possibilities in detail.

	Study the Genetic Genealogy Standards and ensure that your DNA testing plan meets or exceeds all of the Standards. For example, do you understand the terms and conditions of the testing company you’ve chosen to test with? When you get the test results back, do you plan to respect the privacy of your matches?

	Encourage others to be ethical by sharing the Genetic Genealogy Standards when asking other people to test, and explain the risks of DNA testing. Discuss the possible outcomes with them, and ask whether they’d like to be informed if the results don’t align with expectations. Although this will potentially result in people refusing to test, this is preferable to testing people who don’t completely understand or appreciate the potential outcomes and therefore might have a negative experience with genetic genealogy testing.

	Respond to issues responsibly. When an ethical issues arises, be ready for it and be able to respond to it discretely. If you’ve asked a relative whether they want to be informed of an unexpected result, much of your response will already be mapped out for you. Either they won’t want to be informed, or (if they do want to be informed) you’ll have to craft a thoughtful way to do that.

	Be prepared for the unexpected. Unfortunately, unexpected ethical issues can arise even with the best planning. For example, you could receive a request for assistance from a new genetic match predicted to be a new first cousin, meaning that one of your aunts or uncles—who haven’t tested their DNA—had a child you don’t know about. Responding to this issue will require awareness of your family’s dynamics and a responsible approach to assisting—or possibly not, depending on the situation—the new relative.



By following these easy steps, it is possible to anticipate and be prepared for most of the ethical issues that can arise from genetic genealogy testing, ensuring that DNA testing is as rewarding as possible for everyone.

There is no question that ethical guidelines such as the Genetic Genealogy Standards create real roadblocks to recruitment, testing, and research. However, in order to promote and support a tool that benefits everyone, it is necessary to create these roadblocks for those who don’t understand all the potential outcomes of DNA testing.

The Genetic Genealogy Standards cannot anticipate, prevent, or resolve every ethical issue that might be encountered by a genealogist or DNA test taker. However, the Standards—and an understanding of DNA testing in general—can help educate test takers about the possible outcomes of DNA testing. Armed with this knowledge, potential test takers are able to make informed decisions about DNA testing, thereby preventing many of the issues that can arise.


CORE CONCEPTS: ETHICS AND GENETIC GENEALOGY

• Genetic exceptionalism is the theory that genetic information is unique and must be treated in a different way from other genealogical information. However, all genealogically relevant record types—including DNA—are capable of revealing known and unknown information, including family secrets. As a result, many genealogists reject the idea that DNA should receive special or different treatment.

• The only way to prevent the inadvertent disclosure of genealogical information—such as long-forgotten or hidden secrets potentially revealed by DNA testing—is to prevent all genealogical research.

• The Genetic Genealogy Standards were created to provide ethical guidance to genealogists and potential test takers. These Standards help establish best practices for genealogists using DNA testing, and they’re designed to ensure all participants in a DNA study have consented to protect individuals’ data and privacy.




PART TWO
Selecting a Test


4
Autosomal-DNA (atDNA) Testing

You sent away a saliva sample or cheek swab to one or more of the major testing companies (23andMe <www.23andme.com>, AncestryDNA <www.ancestry.com/dna>, Family Tree DNA <www.familytreedna.com>, Living DNA <www.livingdna.com>, and MyHeritage <www.myheritage.com/dna>) for an autosomal-DNA (atDNA) test, and you just received your results. What do you do now? What do these results mean, and how do you use them to advance your genealogical research?

Within just the past few years, tens of millions people have taken atDNA tests at one of these major testing companies. And with more people taking these tests and entering into the companies’ databases, it’s easier than ever to find genetic matches and search for common ancestors. In this chapter, we’ll review the fundamental concepts needed to understand atDNA test results and some of their functions, such as cousin matching. We’ll also review the atDNA tools offered by the testing companies, and how to use these tools to find common ancestors and answer genealogical questions.
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Twenty-two sets of human chromosomes are considered atDNA. The twenty-third pair, the sex chromosomes, determine gender, among other traits.



What is Autosomal DNA?

Autosomal DNA refers to the twenty-two pairs of non-sex chromosomes found within the nucleus of every cell. The atDNA chromosomes, or autosomes, vary in length, and when they are visualized (such as in image A), they are numbered approximately in relation to their sizes, with autosome 1 being the largest and autosome 22 being the smallest.

atDNA Inheritance

atDNA, unlike mitochondrial DNA (mtDNA) and Y-chromosomal DNA (Y-DNA), is inherited equally from both parents. Accordingly, an individual gets one chromosome in each chromosome pair from Mom, and one chromosome in each chromosome pair from Dad (image B). Unfortunately, since the chromosomes are not labeled or marked in a way that easily identifies which parent they come from, the results of a single atDNA genetic genealogy test, alone, cannot identify the specific source of a piece of DNA.

A child inherits his entire DNA from his parents, about 50 percent of his DNA from his mother and about 50 percent of his DNA from his father. However, the child is not inheriting all of his parents’ DNA; instead, he’s only inheriting half of his parents’ total DNA and leaving half of it behind. This occurs at every generation, meaning that as we go back in time, we inherit less DNA from ancestors at each generation.
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You receive one copy of each chromosome from each parent.
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Less ancestral DNA is inherited at each generation, meaning that atDNA “disappears” over time.



In image C, Riley inherits only half of his parents’ DNA, 25 percent of each of his grandparents’ DNA, and just 12.5 percent of each of his great-grandparents’ DNA. Although not shown in the image, Riley will inherit just 6.25 percent of each of his great-great-grandparents’ DNA, and so on.

It should be noted that the percentages are averages across a population instead of absolutes for any given individual. Thus, while on average an individual will inherit 25 percent of his DNA from each grandparent, in practice the percentages will vary. For example, here is a graph of observed percentages of DNA received from four grandparents for two sibling grandchildren:
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Although each will average 25 percent (and the DNA from all four grandparents will always add up to 100 percent), the range for Grandson 1 is 22.0 to 28.0, and the range for Grandson 2 is larger: 17.7 to 32.3.

Due to the inheritance pattern seen above, it is possible to determine how much DNA an individual is likely to share with close relatives. For example, if a grandchild and a grandparent both take an atDNA test, they should share on average about 25 percent of their DNA. Similarly, if an individual and his aunt both take an atDNA test, they should share on average about 25 percent of their DNA.
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You can predict what percentage of DNA you’re likely to share with relatives based on atDNA inheritance patterns.



Image D shows how much DNA, in percentages, an individual is predicted to share with close relatives. The percentage for each relationship can be found in the red boxes. As with the other percentages above, this chart only represents the average percentage of DNA shared with relatives. The actual amount of DNA shared with a relative can vary quite a bit.

Recombination

One important factor to consider when taking atDNA tests and interpreting results is the process of recombination. Before a chromosome is passed down to the next generation, it undergoes recombination, in which a parental chromosome pair optionally exchanges pieces of DNA during meiosis, a natural, specialized process in which cells divide as eggs and sperm are created for reproduction.

Before we dig into recombination, it might be helpful to review meiosis to understand how and when recombination can occur. Meiosis occurs so that cells can divide their DNA amongst their daughter cells during gamete (i.e., sperm or egg) production, and the cell duplicates its chromosomes very early in meiosis. Normally, every cell has twenty-three pairs of chromosomes (twenty-two pairs of autosomes and one pair of sex chromosomes), for a total of forty-six chromosomes. However, in the first step of meiosis, the chromosomes are duplicated, resulting in a total of ninety-two chromosomes. Look at E for an example; the cell will duplicate its DNA so it has four copies of chromosome 1 (two copies of the chromosome from the person’s mother, and two copies of the chromosome from the person’s father). Similarly, the cell will have four copies of chromosome 2, and so on.

As the now-duplicated chromosomes line up to be split into daughter cells, recombination can occur between any of the four copies of a chromosome (such as chromosome 1) as strands of chromosomes overlap. Should chromosomes’ genetic material cross over, some DNA may be exchanged between them, possibly resulting in a genetic variance. And once meiosis (and any recombination event/events) is complete, the daughter cells will randomly receive just one of the four chromosome copies, meaning three copies (two of them identical) will be left behind.

Note that recombination events may or may not be detectable, based (in part) on what chromosomes crossed over genetic information. If recombination occurs between the two paternal copies of the chromosome or between the two maternal copies of chromosome 1 (between sister chromatids—that is, between the two blue paternal chromosomes or between the two pink maternal chromosomes), there is no detectable change because they are identical copies. However, if recombination occurs between a paternal and a maternal chromosome (between nonsister chromatids—that is, between a blue paternal chromosome and a pink maternal chromosome), a detectable crossover occurs (image F).
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During meiosis, each pair of chromosomes (one copy from the mother and one from the father) duplicates itself, producing four total copies of each chromosome. In this image, DNA inherited from the father is in blue and DNA from the mother in pink.
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Recombination occurs when DNA from neighboring chromosomes cross over and exchange genetic information.



Recombination happens randomly, and each cell division can result in a different amount of recombination events (or no recombination events at all). It’s unusual for more than a handful of recombination events for a single chromosome to occur, however. Interestingly, females tend to have more recombination events over the entire set of twenty-two autosomes than males do.

The following example (image G) demonstrates the passage of atDNA from a paternal grandmother (Agatha) to her granddaughter (Courtney). This represents a single recombination event, when the father (Benny) created the sperm. (Note: Although Agatha’s DNA underwent recombination when she created the egg that would become her son Benny, that recombination would only be detected by comparing her DNA to her ancestors.) Image H compares Courtney’s first five chromosomes to Agatha’s first five chromosomes, with the DNA shared by both in green.

Comparing the two women’s atDNA can tell us a lot about how atDNA is inherited and recombined across generations, as recombination must have occurred in regions where the women don’t share DNA. Chromosome 1, for example, suggests there were two recombination events at each place on the chromosome where the two women differ, indicated in image I. There may also have been a third recombination at the end of chromosome 1, as the women don’t share that region as well.
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atDNA is transmitted from one generation to the next, regardless of each family member’s gender.
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atDNA testing allows test takers to compare their atDNA to that of an ancestor. Here, the DNA that Courtney shares with her grandmother, Agatha, on her first five chromosomes is in green.



So how do we explain the differences between them, and where did the recombination events occur? Before the father passed down a copy of chromosome 1 to his daughter, his maternal and paternal copies of chromosome 1 crossed over at at least two different locations. And when Benny’s DNA was split up into his daughter cells, the copy with genetic material matching his mother’s at the locations in green was passed on to the cell that became Courtney. (Note: The other copy of the chromosome would look just the opposite when compared to Agatha’s DNA—with the shared green segment in the middle. However, Courtney didn’t inherit this copy of the chromosome.)
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A break in the segments of DNA shared by Agatha and Courtney suggests that two recombination events occurred at the sites indicated above, leading to differences in DNA between the two relatives.
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The shared DNA chromosome 6 between Agatha and Courtney suggests just one recombination event occurred, at the site indicated.
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Courtney could have passed Agatha’s atDNA (indicated in green) down to her son, Derek, in a number of ways, including the above.



The shared DNA also helps researchers determine which part of the chromosome was inherited from other ancestors. Specifically, since the segment in the middle of chromosome 1 doesn’t match Agatha’s, it must match Courtney’s paternal grandfather (i.e., Benny’s father); Benny’s DNA, like Courtney’s, can only come from two of his ancestors: his mother, Agatha (Courtney’s paternal grandmother), or his father (Courtney’s paternal grandfather).

Let’s look at some more chromosomes and see what we can assume from them. On chromosomes 2 and 5, there was no recombination between nonsister chromosomes, and Courtney inherited Agatha’s entire copy of chromosome 2, but none of Agatha’s chromosome 5. By process of elimination, Courtney must have instead inherited her paternal grandfather’s entire copy of chromosome 5. On chromosome 6, we know there was a single recombination event about halfway down the chromosome, as Agatha and Courtney don’t share a significant portion of chromosome 6’s DNA (image J).
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Courtney may have only passed down a small amount of Agatha’s atDNA to Derek.
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While atDNA can be passed down in a number of ways, the above is not one of them. Courtney cannot pass down atDNA from Agatha that she herself doesn’t have. The only way for this to occur is if Derek’s father is also somehow related to Agatha.



Importantly, Agatha’s DNA that wasn’t passed on due to recombination is now lost to Courtney and all future generations (unless it comes back in from other lines/through Benny’s siblings). For example, none of Courtney’s descendants will inherit DNA from Agatha’s chromosome 5. Thus, all the genes, ethnicity markers, and other information contained on Agatha’s copy of chromosome 5 are lost in this particular line of the family (although, again, it may be recovered by testing other relatives/other descendants of Agatha).

Note that, because the recombination of DNA can occur at every generation, the amount of DNA between an ancestor and her descendants often shrinks from one generation to the next. For example, Agatha’s chromosome 1 DNA that was passed on to Courtney will potentially be further “broken down” into smaller pieces when Courtney passes it on to her children. Courtney’s chromosome 1 DNA could recombine when producing the cells that become her son, Derek. In image K, in which the chromosome 1 DNA shared with Agatha by Courtney (top) and Derek (bottom) is indicated in green, the large segment of Agatha’s DNA at the left end of chromosome 1 was not passed on to her great-grandson, and the large segment at the right end of chromosome 1 experienced two recombination events that resulted in further loss. Alternatively, recombination could result in only a very small piece of Agatha’s chromosome 1 being passed to the next generation, as it does in image L.
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Tools like Kitty Cooper’s Chromosome Mapper can illustrate how an individual inherits atDNA from ancestors, such as the above, which indicates which sections of atDNA a grandchild received from each of his grandparents.



As stated earlier in this section, DNA that isn’t passed down from one generation to the next can’t be passed down to future generations. As a result, Derek and Agatha could never share the portions of chromosome 1 pictured in image M, as Courtney never inherited that segment of DNA from her father, and so could never pass it down to Derek. The only exception to this rule would be if Derek somehow inherited that segment of Agatha’s chromosome 1 DNA from his father, which would likely mean that Derek’s father is also somehow related to Agatha since he shares some of her DNA.

Now, let’s pan away to a real-life example: a grandchild’s DNA is compared to all four of his grandparents, with the source of every piece of DNA (for the first ten chromosomes) identified (image N). The graph, which was made using Kitty Cooper’s Chromosome Mapper <www.kittymunson.com/dna/ChromosomeMapper.php>, shows how each section of the grandchild’s DNA compares to each of his grandparents: Maternal grandparents are in red and orange, and paternal grandparents are in dark and light blue. Recombination events took place wherever colors change. Along each paternal chromosome (dark and light blue), for example, the grandchild matches either the paternal grandmother (dark blue) or the paternal grandfather (light blue). According to this graph, there were between zero and four recombination events per paternal or maternal chromosome. On chromosome 7, for example, the grandchild received an entire copy of the paternal grandmother’s chromosome, meaning that he shares no DNA with his paternal grandfather on that particular chromosome.

Two Family Trees

As stated in chapter 1, genealogists must actually consider two, distinct family trees when conducting genetic research. The first, the genealogical family tree, contains every parent, grandparent, and great-grandparent through history. This is the tree that genealogists spend their time researching, often using paper records such as birth and death certificates, census records, and newspapers to fill in ancestors and information about them. The second family tree is the genetic family tree, a subset of the genealogical family tree that contains only those ancestors who contributed to the test taker’s DNA. Not every person in the genealogical family tree contributed a segment of their DNA sequence to the test taker’s genome. In fact, the genetic tree is only guaranteed to contain both biological parents, each of the four biological grandparents, and each of the eight biological great-grandparents, but with each generation it is much less likely that every person in that generation contributed a piece of their DNA to the test taker’s DNA.

The difference between the two trees results in facts important to consider when tracing atDNA inheritance, including:


	Siblings have different genetic family trees. Other than identical twins, full siblings share only about 50 percent of their DNA (and half-siblings share about 25 percent of their DNA). As a result, the siblings have many genetic ancestors in common, but there are many distant ancestors represented in one sibling’s DNA that are not represented in the other sibling’s DNA. While full siblings have the same genealogical family tree, they have differing genetic family trees.

	Genealogical cousins are not always genetically related. First cousins share a strong genealogical and genetic link. They both are descended from shared grandparents, and both inherit some of the same DNA from those shared grandparents. However, it is much less likely that fifth cousins share DNA in common, since one or both of them may not have inherited DNA from the shared ancestor. Indeed, there is roughly only a 10- to 30-percent probability that fifth cousins will share a common DNA segment from their shared ancestor(s).

	Ethnicity is nearly impossible to predict. One of the most popular uses of atDNA testing is to estimate an individual’s ethnic heritage (also called “ethnicity” or “biogeographical estimate”). Chapter 9 is devoted to this use. However, since an individual does not possess all the DNA of his ancestors, he does not necessarily represent the entire ethnicity of his ancestors, making it difficult or impossible to predict which ethnicities his DNA represents.



How the Test Works

The atDNA tests currently offered by 23andMe, AncestryDNA, Family Tree DNA, Living DNA, and MyHeritage DNA are single nucleotide polymorphisms (SNP) tests, meaning that they sample hundreds of thousands of SNPs—the variable nucleotides A, T, C, and G—located throughout the twenty-two autosomal chromosomes. Although sequencing all of an individual’s DNA (called whole-genome sequencing) will soon be as affordable as SNP testing, the higher price has prevented it from being offered commercially by these companies. In the future, genetic genealogists are likely to purchase whole-genome sequencing instead of SNP testing. (Users will probably still be able to compare results from the two types of testing.)

When the testing company receives the saliva sample from the test taker, it extracts the DNA and makes many copies. The company then uses the test taker’s amplified DNA to test for the nucleotide value at each of seven hundred thousand or more locations within the test taker’s DNA. The results of the test will most often look like this:
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Each line of the table represents an SNP somewhere in the test taker’s genome. “rsID” stands for Reference SNP cluster ID, and is a general reference for an SNP. The “chromosome” and “position” columns reveal where within the genome the result is found. The “result” column is the value of the maternal and paternal chromosomes at that location. Without more information, however, it’s not possible to determine which result is the paternal chromosome and which result is the maternal chromosome. For example, for rs12124189, it is impossible to know based just on this data whether Mom gave the A and Dad gave the G, or vice versa. Additionally, since there is no order to the letters, the results can switch back and forth between rows. For example, Mom may have provided the A for rs12124819 and the G for rs11240777.

As we’ll see throughout this chapter, the results of an atDNA test can have several important uses. For example, the results are most often used for finding genetic relatives, people who share a segment of DNA with the test taker.

Using atDNA: Finding Genetic Cousins

In addition to using DNA to break down genealogical brick walls, researchers often use DNA to find cousin matches amongst other test takers. And while many testing companies do the heavy lifting for you, you’ll still have to consider a number of factors when attempting to find and confirm genetic cousins. In this section, we’ll discuss some of the factors that influence whether or not two people are genetic cousins and help you analyze the DNA cousin results each testing company provides.

Minimum Segment Length

Each of the testing companies has selected a minimum segment length threshold that must be met before two people in the testing database will be flagged as sharing DNA in common, and this threshold can be key to understanding your results. If the threshold is set too low, some of the individuals identified by the company will be false positives, meaning that the two test takers are either not actually related or have a shared common ancestor who lived thousands of years ago. If the threshold is set too high, there can be false negatives, meaning that the test takers share enough DNA segments to be true genetic relatives but are being arbitrarily excluded from the test taker’s list of people sharing their DNA.

Ideally, the testing company would like to identify only those individuals who share a common ancestor within the past three to four hundred years (what may be called “a genealogically relevant time frame”) while excluding individuals who share a common ancestor more than five hundred years ago. While the minimum segment threshold helps this goal, it is not perfect.

23ANDME

At 23andMe, two individuals are identified as a genetic match if they share at least one segment of at least 7 centimorgans (cM) and seven hundred SNPs. Additional segments beyond the initial 7-cM segment are identified as being shared by the two individuals if those segments share at least 5 cM and seven hundred SNPs. Thus, if the results of two people at 23andMe only show that they share a single segment of 6.5 cM and 750 SNPs, they will not be identified as a genetic match, since there is no segment of at least 7 cM shared by the two individuals.

For the X chromosome at 23andMe, there are different thresholds depending on the sex of the two test takers:


	Male versus male: 1 cM and two hundred SNPs

	Female versus male: 6 cM and six hundred SNPs

	Female versus female: 6 cM and twelve hundred SNPs



Notably, 23andMe has a set cap of approximately two thousand genetic cousins for each test taker. The two-thousand cap means that for many test takers, matches may be excluded from the list of genetic cousins.

ANCESTRYDNA

At AncestryDNA, two individuals are identified as a genetic match if they share at least one segment of at least 6 cM. This is a relatively low threshold, and this threshold increases the probability that individuals identified as very distant matches at AncestryDNA are actually false positives (meaning they are not genealogically related and may not be shared with either parent).

FAMILY TREE DNA

Family Tree DNA updated its matching thresholds in early 2016. Following this update, two individuals are identified as a genetic match if they share at least one segment of at least 9 cM or more, regardless of the number of total shared cM. So if they share just a single 9 cM segment, they are shown as a match. If there isn’t a segment of at least 9 cM, the two individuals will be identified as a genetic match if they share at least one segment of 7.69 cM and 20 cM total. So if two people share only one 8-cM segment, they will not be a match. But if they share an 8-cM segment and 20 cM in total, they will be a match. Family Tree DNA also has a proprietary matching algorithm for people with Ashkenazi heritage due to the endogamy among these matches.

For the X-chromosomal (X-DNA) test at Family Tree DNA, the criteria is twofold: The individuals must already meet the atDNA threshold, and they must share a segment of at least 1 cM and five hundred SNPs. The requirement for a shared atDNA segment prior to X-DNA comparison means there are false negatives; individuals who share X-DNA but don’t share atDNA will not be identified as genetic cousins. Further, the low threshold of 1 cM and five hundred SNPs for X-DNA matching means that test takers will have false positives—individuals who are identified as sharing X-DNA within a genealogically relevant time frame, but likely do not.

LIVING DNA

Living DNA launched genetic cousin matching in late 2018, calling it Family Networks. A Family Network is the collection of the test taker’s genetic matches within the Living DNA database. Genetic matches can be viewed “as a list or a connected network of predicted relationships, providing more intuitive results.” Living DNA’s threshold for cousin matching is different from the solely size-based method used by the other testing companies. The company starts with a very low threshold of 3.5 cM, then uses a probability model that analyzes the matching segment data for a pair of test takers and calculates the likelihood for a given relationship between them. This attempts to minimize the possibility of false matches. Since Living DNA is still refining its cousin matching as of this book’s publication, be sure to check Living DNA’s website for the latest information about their matching process and minimum threshold amount.

MYHERITAGE

MyHeritage requires at least one segment of 8 cM for two people to be identified as a match. Once an 8-cM segment is found, additional segments of at least 6 cM can be identified. Thus, if genetic cousins share a 9-cM segment, they can also see any 6- and 7-cM segments they share in common.

Although these matching thresholds are in place to maximize the likelihood that individuals identified as sharing a segment of DNA are in fact recent genetic cousins, it is important to keep in mind that every “match list” will have individuals who are false positives. Accordingly, it is often a best strategy to focus on those individuals who share the most DNA. The longer a shared segment is, and the more segments two people share in common, the greater the likelihood that the two individuals share a recent common ancestor.


SHARING DNA WITH SIBLINGS

You might think that DNA comparisons between siblings would be straightforward, but (like with many topics in genetic genealogy) the answer is more complicated.

How much DNA is shared by siblings raises an important distinction in genetic genealogy. Individuals who share DNA can be either half-identical or fully identical. A half-identical region (HIR) is a portion of the genome where two people share a segment of DNA on just one of their two chromosomes. Remember, everyone has two copies of each chromosome, and it is possible to share DNA with someone else on one of those copies, or in rarer cases (such as siblings) on both of those copies. Accordingly, a fully identical region (FIR) is a region where two people share segments of DNA on both copies of their two chromosomes. The image demonstrates HIR versus FIR shared segments for an individual, where the blue segment(s) is the DNA shared by that test taker with another test taker
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Half of the DNA shared by siblings is from HIRs (1700 cM), while half of the DNA shared by siblings is from FIRs (850 cM, for a total of 1,700 cM). The HIRs plus the FIRs equals 3,400 cM. However, 23andMe and Family Tree DNA only report half of the DNA at FIRs. Accordingly, these companies will only report about 75 percent of the actual amount of DNA shared by siblings (or, in other words, just 75 percent of 50 percent, or 75 percent of 3,400 cM).

In summary, siblings are half-identical on 50 percent of their DNA (1,700cM) and fully identical on a further 25 percent/850cM.



Likelihood of Sharing DNA

As discussed earlier, only a small percentage of genealogical cousins actually share DNA. After seven to nine generations, DNA is not inherited by all descendants of an ancestral couple. Further, the same pieces of DNA are not inherited by all descendants of an ancestral couple, even at the first generation. In other words, a great-great-great-grandson may have inherited the only piece of DNA from his great-great-great-grandfather on chromosome 8, while the only piece of DNA a great-great-great-granddaughter inherited from that same great-great-great-grandfather is on chromosome 3. Although these two individuals are fourth cousins and both have DNA from their shared ancestors, they do not share any segments of DNA in common. To use terminology from chapter 1 and an earlier section of this chapter: They are genealogical cousins, but not genetic cousins.

What is the likelihood that genealogical cousins will share DNA? For close cousins, the likelihood is very high, but it decreases rapidly. Estimates from three of the testing companies can give us an idea:
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According to these estimates, it is essentially guaranteed that relatives at a second-cousin level and closer will share detectable amounts of DNA. Indeed, there has not yet been a single confirmed case in which second cousins do not share DNA. This means that if second cousins take an atDNA test and they don’t share DNA, there is either an error in the family tree or a misattributed parentage event. For more information, see my article “Are There Any Absolutes in Genetic Genealogy?” <www.thegeneticgenealogist.com/2015/04/13/are-there-any-absolutes-in-genetic-genealogy>.


THE SHARED CM PROJECT

The Shared cM Project <www.thegeneticgenealogist.com/2015/05/29/the-shared-cm-project> is a data collaboration project I started in 2015 to collect shared DNA data for known genealogical relationships to the third-cousin level. Although tables available at the time (and reproduced in this chapter) show how much shared DNA can be expected for these relationships, there was no good source of information about how much shared DNA is actually observed for these relationships. Accordingly, the project requested that genealogists submit data about their genealogical relationship, including how much DNA they shared with a cousin in total, and the largest segment they shared with the cousin. More than six thousand relationships were submitted, and the information was collated into table shown in the image here. For each relationship, the following information is provided based on the data submitted for the relationship: (i) the average amount of DNA shared; (ii) the lowest amount shared; and (iii) the highest amount shared.

For example, those with a 1C1R (first cousins, once removed) relationship are predicted to share 6.25 percent, or 425 cM, of their DNA. According to the data submitted to the Shared cM Project, first cousins once removed share an average of 439 cM, with the lowest reported amount being 141 cM and the highest reported amount being 851 cM.
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Amount of Shared DNA

The amount of DNA shared by two people can also help estimate the genealogical relationship between those two people, although it is not a perfect predictor. For example, if two test takers share 1,500 cM of DNA in common, their relationship is likely a grandparent/grandchild, aunt/uncle or niece/nephew, or half-sibling relationship. However, if two test takers share 75 cM of DNA in common, it will not be clear whether the match is a third cousin, second cousin once removed, or a more complicated relationship (e.g., double cousin, or a non-sibling who has both sets of grandparents in common with you), among other possibilities. Relationship prediction typically works best when the relationship is a third cousin or closer.

The following chart, adapted from the International Society of Genetic Genealogists (ISOGG)’s wiki page “Autosomal DNA Statistics,” <www.isogg.org/wiki/Autosomal_DNA_statistics>, provides the expected amount of DNA shared between people having the identified relationship:
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It’s important to remember that, without other information, it is impossible to tell whether two people share DNA because of a genealogical relationship in one line or multiple lines. In the following example, two people share three segments of DNA totaling 58.2 cM, and the testing company predicts them to be third cousins.
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TROUBLESHOOTING: FALSE POSITIVES AND SMALL SEGMENTS

Due to the way genealogical DNA testing is done, not all DNA segments are created equal. Some small segments are false or invalid segments. And the smaller the segment, the greater the probability that the segment is false. This means that, although we share a small segment with a match, that person may not actually be our genetic cousin!

For example, if you test yourself and both of your parents, you’ll find that you have distant matches that your parents do not have. This shouldn’t be possible; if DNA testing was perfect, you would share every match with at least one of your parents.
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Most of these missing matches are false positives, meaning that you appear to share DNA with a match when you shouldn’t. And a few of the missing matches are false negatives (meaning that your parents should share DNA with the match, but don’t).

How Pseudosegments Form

These small false segments are often the result of the artificial “weaving” back and forth between maternal and paternal DNA test results. As we saw earlier in this chapter, we don’t know which letter in our results came from Mom and which letter came from Dad. Accordingly, the matching algorithms used by some of the testing companies allow a match to be formed by weaving back and forth between the two letters—regardless of whether the match is maternal or paternal. This creates a pseudosegment.

In this image, Jorge Garcia and John Doe appear to be matches. As marked in red, Jorge and John share the same nucleotides when looking at John’s unphased DNA (i.e., DNA markers that haven’t been sourced to John’s maternal or paternal line). But once the data has been phased (i.e., John had determined which nucleotides came from his mother and which from his father), it’s revealed they aren’t matches after all.

Handling Small and Pseudosegments

How can you get around pseudosegments? The short answer: You probably can’t. Some DNA testing companies, such as AncestryDNA, will phase a test taker’s DNA before doing matching. Rather than using a parent to perform phasing, the company uses population studies to determine the most likely separation of the test taker’s DNA into maternal and paternal chromosomes. Although this may lessen the occurrence of pseudosegments, it does not completely prevent them.
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Likewise, there’s no clear way to separate small valid segments from small false segments. So, we’re better off avoiding these small segments (say, smaller than 7–10 cM) entirely rather than risk using bad DNA evidence in our conclusions. It’s also important to note that, even if a small segment is valid, it can be many generations old. Accordingly, it can be difficult to reliably assign a small segment to a specific ancestor.

While there may be some limited mechanisms, most methods can’t decipher the good segments from the bad. Pseudosegments can occur regardless of whether two people are related in a genealogically relevant time period, for example, so having traditional genealogy research is not helpful. Likewise, sharing a small segment with a proven close relative (or triangulating the small segment with another test taker; see chapter 8) isn’t foolproof either, as individuals could each share pseudosegments with a test taker for a number of reasons.

Looking Forward

There is hope for small segments in the future, however. New tests and methodologies may be able to identify which small segments are valid and which are false. Phasing, for example, is good at eliminating some larger false segments, which may help examine small segments especially if both sides of a match can phase the segment.

Additionally, multi-generational testing may help researchers better understand small segments that only “shrank” due to recombination in the most recent generation. In the image, a father and his child both share DNA with a match (shown by the red shared segment). The father shares a large 21-cM segment, but there was a recombination event when he passed it to his child. As a result, the child shares only a 6-cM segment with the match. If we only had the 6-cM segment in the child, it would be challenging to know whether it was a valid or false small segment. However, since we see that the 6-cM segment was part of a larger 21-cM segment in the previous generation, it is almost certain to be valid.

In the meantime, responsible genealogists must be careful to avoid small segments. Beware any research or conclusion that uses these small segments without specifically addressing the known issues in light of the scientific research gathered to date.
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Chromosome browsers, such as this one from Family Tree DNA, allow test takers to view which segments of DNA they share with matches. Gray indicates each pair of chromosomes, and colored blocks represent shared DNA on that chromosome with the corresponding match (e.g., teal for a segment shared with Sophia Garcia).



However, one test taker has tested both parents and sees that Segment 2 in the table is shared with his mother, while Segments 1 and 3 are shared with his father. Thus, the test taker is likely related to the other individual a bit more distantly, but through multiple different lines. However, if the test taker hadn’t also tested his parents, it would be much more challenging to determine the exact nature of this relationship, and it would have been easy to assume that the individual was actually a more recent, third cousin.

Chromosome Browsers

23andMe, Family Tree DNA, Living DNA, and MyHeritage DNA all offer a chromosome browser, a tool that allows test takers to see exactly what segments of DNA they are identified as sharing with another person. Chromosome browsers can provide more detail than just information about total shared cM and SNPs. However, each company’s chromosome browser looks different and can be used in slightly different ways.

It is essential to note one important limitation of every chromosome browser: They cannot separate matches into maternal and paternal, and so every match—whether maternal or paternal—is shown on a single chromosome. For example, image O shows the first three chromosomes in Family Tree DNA’s chromosome browser, comparing the test taker to three genetic matches (Sophia Garcia in teal, John Jacobsen in red, and Jane Doe in blue). Each “chromosome” in the browser depicts both copies of the chromosome, the maternal copy and the paternal copy. This means that it is not clear from the chromosome browser alone whether a match is maternal or paternal. Furthermore, even if two matches align at the same place on the same chromosome, it is not immediately clear from this overlap whether the two matches share DNA on the same copy of the chromosome or on the two different copies of the chromosome.

FAMILY TREE DNA

At Family Tree DNA, a test taker can use the chromosome browser tool to look at shared segments with any individual with whom she is predicted to share DNA (and thus are shown in the “Family Finder—Matches” list).

Image O shows the first three chromosomes in the chromosome browser at Family Tree DNA, with the DNA shared between the test taker and the three different close genetic matches. The gray shapes represent each pair of chromosomes, and the full image at Family Tree DNA includes all chromosomes from 1 to 22. Each of the colored blocks represents a shared segment of DNA. Note that the segments are not to scale in the chromosome browser, so evaluating the size of segments based on visual appearance alone can be misleading. In addition to showing shared segments on chromosome 1 to 22, Family Tree DNA also shows shared segments on the X chromosome.

When the test taker hovers the mouse or pointer over a segment, he’ll see a pop-up box that shows the chromosome number, the start location (e.g., position 53,624,479), the stop location (e.g., position 96,298,324 in the image), and the total size of that segment.

All of the information about shared DNA, including the chromosome number and start and stop locations for each segment, can be downloaded to a spreadsheet. And downloading the info into a spreadsheet will reveal the same information for all of the shared segments. The following example provides a selection of just some of the segments shown in the first Family Tree DNA cousin comparison:
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23andMe’s chromosome browser also allows for a more detailed comparison between your and your ancestor’s DNA.



23ANDME

At 23andMe, a test taker can use the chromosome browser tool to look at shared segments with any individual with whom he is “sharing genomes” (meaning that the two individuals have agreed to share their profiles with each other) and with any match that is an “Open Sharer” (meaning that they’ve made their profile more open to their genetic matches). The chromosome browser for the new site is located at <you.23andme.com/tools/relatives/dna>. There, the user can select two people and compare their genomes.

Image P is the first ten chromosomes on the 23andMe chromosome browser, showing the two individuals share a total of two segments. The hatched gray bars, which are difficult to see, represent each chromosome. Each of the purple blocks represents a shared segment of DNA. As with Family Tree DNA’s chromosome browser, the segments shown in the 23andMe browser are not to scale, so evaluating the size of segments based on visual appearance alone can be misleading. In addition to showing shared segments on chromosomes 1 to 22, 23andMe also shows any shared segments on the X chromosome.

If the test taker clicks on a segment on the chromosome browser, he’ll see a pop-up box that shows the chromosome number, the start and stop locations, the total size of that segment, and the number of SNPs tested in the segment. All information about shared DNA, including the chromosome number and start and stop location for each segment, can be viewed in a table or downloaded to a spreadsheet.
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MyHeritage DNA’s chromosome browser can compare segments of up to seven matches at once.
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MyHeritage DNA’s browser will also show triangulated segments shared by two matches. Here, Nancy T. and Christy P. share a triangulated segment on chromosome 6, indicated by the box.



MYHERITAGE

The MyHeritage chromosome browser allows users to compare segments of up to seven genetic matches at a time. In image Q, the test taker’s DNA is compared to four genetic matches, Allen M. (orange), Mary S. (red), Carey L. (yellow), and Quincy C. (green). The gray shapes represent the chromosomes (each gray bar represents both the maternal and paternal copies of the chromosome), and the colored portions of the gray bars represent the shared segments. Once again, since segments shown in the browser are not to scale, you should not evaluate or estimate the size of the segments based on appearance alone.

Hovering over a segment produces a pop-up with the name of the match, the chromosome number, the start and stop locations, the name of the beginning and ending SNP, the total size of that segment, and the number of SNPs tested in the segment. You can view the shared segment information in a table or download it to a spreadsheet.

Unlike the other chromosome browsers, the MyHeritage browser will also show any triangulated segments that are shared by the individuals in a comparison, if there are any. For example, in image R, the test taker, Nancy T. (red), and Christy P. (yellow) share a triangulated segment of DNA on chromosome 6, as shown by the curved box surrounding the segment. This means that the test taker, Nancy T., and Christy P. all share the same piece of DNA in common and thus share an ancestor in common. Hovering over the curved box produces a pop-up with information about the triangulated segment. But, use caution! If you have three people who all share a segment, but you add a fourth that does not share that same segment, the tool will not show any triangulation at that spot (even among the people known to triangulate).

LIVING DNA

Living DNA also provides a chromosome browser that identifies the segment(s) of DNA shared by two test takers in the company’s database. A test taker can use the Living DNA chromosome browser to look at shared segments with any individual with whom he or she is predicted to share DNA. As of this book’s writing, the chromosome browser is not yet available, but early information suggests that segments of DNA on the X chromosome will be included in the chromosome browser view eventually.

Analyzing Genetic Cousins Identified by the Testing Company

All of the major testing companies compare the test taker’s DNA to the DNA of every other test taker in the company’s own database. The company identifies two people as genetic cousins or “matches” if: 1) the two sets of DNA have a segment with the same sequence, 2) the length of that segment satisfies the thresholds previously discussed, and 3) both test takers have opted into matching.
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The names of and details about suggested genetic cousins at 23andMe are behind a privacy barrier. In order to see your match’s information, that match will need to approve a request to share his ancestry report.



Note that while most companies and third-party tools use the word “match” to refer to two or more people who are identified as sharing a segment of DNA, the word “match” does not necessarily mean that two people share a recent common ancestor. For example, the two or more people may share that segment by chance or due to a sequencing or interpretation error. The smaller the shared segment, the greater the probability that the match is not a valid match. The larger the segment, the greater the probability that the match is a valid match.

In this section, I’ll discuss how to carefully evaluate each company’s “matches.”

23ANDME

The match list at 23andMe is called DNA Relatives and shows the test taker’s closest genetic relatives listed in order, starting with the individual who shares the most DNA with the test taker (image S).

As of this writing, 23andMe currently has a cap of two thousand DNA Relatives, meaning that a test taker will only see their two thousand closest matches. (However, 23andMe also removes from that list any test takers that are not opting into matching.) Since 23andMe’s database contains millions of people, many test takers will still likely have close matches at 23andMe that they don’t have in any other testing company.

A test taker can see the following information about every match in their DNA Relatives list: display name; sex; profile picture (if there is one); the percent of shared DNA and number of shared DNA segments (although not the location of those segments); relatives in common; the mtDNA haplogroup; and the Y-DNA haplogroup (if the match is male). Any family information entered by a test taker into a DNA Relatives profile will also be shown to a match, including surnames, locations, and/or a link to an online family tree.

The 23andMe test taker may see more information about a match, including the location of the shared DNA segments in the genome and the ethnicity or “Ancestry Composition” report for the match, in two different situations. In the first situation, the match is participating in Open Sharing at 23andMe. Open Sharing is a setting that simply makes this additional information available by default to every genetic match. In the second situation, the test taker asks the match to share this information directly. Matches that are not already sharing or are not participating in Open Sharing will have a button labeled “Invite to share” that sends a request to the match. If the match accepts the request, the test taker can see the additional profile information.

Given the size of the 23andMe database, most people with European ancestry will have a significant number of genetic matches—most from colonial locations like the United States, Canada, Australia, and New Zealand. Recently, more and more people are also testing from Ireland and the United Kingdom. However, people with mostly Asian and African ancestry may have fewer genetic relatives, since those areas of the world have not experienced widespread genetic testing.


RESEARCH TIP:

Opt-in for Matches

Although many people are interested in testing their DNA to obtain an ethnicity estimate, not everyone is open to finding genetic cousins. Accordingly, each testing company requires test takers to opt-in to matching, usually during activation or authorization of a DNA testing kit. This opt-in process means that test takers interested only in ethnicity results can still purchase these DNA tests, so you may come across users who aren’t open to connecting with you. Be respectful in your interactions with them—Privacy is a wide spectrum that we all fall somewhere on. Some people are privacy conscious, while others are not concerned at all about privacy. But there is no wrong place on the privacy spectrum. Note: Companies also allow a user to change their mind and opt into matching later, or to opt out at any time. Who knows? A good genetic match that initially decides not to participate in matching may later change their mind and opt in!



ANCESTRYDNA

The match list at AncestryDNA is called DNA Matches and does not have a specific cap. Genetic relatives are listed in order starting with the individual who shares the most DNA with the test taker. In the example in image T, the test taker’s closest match is a first cousin.
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Ancestry DNA’s suggested matches page links directly to individuals’ family trees, allowing you to compare and evaluate a potential match’s family history to determine if you are, in fact, related. Names of matches have been blurred for privacy.



On the main DNA matches page, you’ll see relevant information for each match including username, profile picture (if there is one), possible relationship range, a match confidence level, last login, and information about whether the individual has a family tree linked to his account.

Clicking on a username will show the user’s profile with additional information. For example, image U shows the profile page for a genetic match. The test taker is predicted to be a fourth cousin with a range of 4th–6th cousins. Clicking on the “i” in the gray circle next to the confidence level will produce a pop-up showing how much DNA the two people share in common (in cM), and how many segments the two people share in common. The test taker shares 45 cM across 4 segments with this match.

If a match has a public family tree associated with his DNA test, his genetic relatives will be able to review the family tree to look for surnames and/or places in common. Additionally, AncestryDNA will compare the tree to trees of genetic matches to try to find common ancestors. If a potential common ancestor who is similar enough is identified in the two trees, the genetic relative will have a “shaky leaf hint.” Shaky leaf hints are generally more successful with larger and more complete family trees. Shared hints should be reviewed only as hints, not as proof or evidence of a relationship. The fact that two people share DNA and share a common ancestor does not necessarily mean the shared DNA must have come from that shared ancestor!

You can also review the locations they share with a match by clicking on the Map and Location tab, and see the matches you and a match share in common by clicking the Shared Matches tab. We will examine Shared Matches later.
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When you view an individual AncestryDNA match, you can see your predicted relationship with that match, plus regions from the match’s ethnicity estimates. You can also add notes about the match or view what matches you and the match have in common.



Like 23andMe, test takers with European ancestry will have a significant number of genetic matches identified in the list. However, AncestryDNA is actively advertising in and targeting countries such as Canada, Australia, and the United Kingdom, and is selling kits in many more countries, and thus an increasing number of people in the database will be from other regions of the world.

FAMILY TREE DNA

The match list at Family Tree DNA is called Family Finder—Matches, and, like AncestryDNA, does not have a specific cap. Genetic relatives are listed in order starting with the individual who shares the most DNA with the test taker. In image V, the test taker’s closest matches are her two grandchildren.

Family Tree DNA provides a wealth of information about each genetic relative, especially if the genetic relative has added certain facts and/or a family tree to the member profile. In image W, the genetic relative is predicted to be a second to fourth cousin and the two share a total of 69 cM, of which the longest segment is 41. The user has some surnames in his profile (which will be bolded if any match the surnames listed in the other test taker’s profile) that can quickly be reviewed by hovering over them. Further, this user has taken a Y-DNA test and his Y-DNA haplogroup is R-M269 (his terminal SNP).
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Family Tree DNA’s Family Finder—Matches allows you to view genetic matches with the users you share the most DNA with on the top. Names of matches have been blurred for privacy.
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Family Tree DNA provides specific information about matches, including how many shared cMs of DNA, the individual’s surnames in his profile (which are bolded if they match yours), and (for male users) a Y-DNA haplogroup. This match’s name has been blurred for privacy.



Clicking on the username of a genetic relative in the match list will result in a pop-up that provides even more information (if the user has populated these fields), including Y-DNA and mtDNA haplogroup, most distant known paternal and maternal ancestors, and (most importantly for communication and collaboration) an e-mail address so you can contact the match.

Family Tree DNA’s database largely comprises test takers from the United States, Canada, the United Kingdom, Scandinavia, and Australia, although (like the databases at the other companies we’ve already discussed) it includes test takers from all over the world.

LIVING DNA

The match list at Living DNA is called Family Networks. Genetic relatives are listed in order, starting with the individual that shares the most DNA with the test taker. In image X, the test taker’s closest matches are his mother, his father, and a first cousin once removed.

On the main match page (as shown in the image) the test taker observes information about each match including the username (usually the test taker’s real name), a predicted relationship (e.g., Parent/Child/Sibling, 1st cousin, 2nd cousin, etc.), and the amount of DNA shared in both percentages and cM.

Clicking on View Profile for a match takes you to the match details page, which includes additional information about the match. The Map tab shows the ethnicity breakdown for the match, the Chromosome Viewer tab shows the segment(s) of DNA shared with the match, and the Messages tab enables communication with the match. The page also lists any matches that are shared by both the match and the test taker.

Living DNA has a strong focus in the United Kingdom and Ireland, and is actively pursuing test takers in the United States, continental Europe, and other places around the world.

MYHERITAGE

The match list at MyHeritage is called DNA Matches. There is no cap on the number of genetic matches, and these matches are listed in order from the closest relative (sharing the most DNA) to the most distant relatives (sharing the least DNA). In the example in image Y, the test taker’s closest match is a niece.

On the main match page, a test taker will see a lot of information about each match as shown in the image. This includes the username (usually the test taker’s real name), an approximate age by decade (30s, 40s, etc.), a country location, an estimated relationship, the amount of DNA shared in percentages and cM, the number of segments shared, the size of the largest segment, and whether the match has a family tree at MyHeritage.

Clicking on a match takes the test taker to a Review DNA Match page. This has much of the same information as the main match page, but adds a list of shared matches (if there are any), the match’s ethnicity estimate, and a chromosome browser that shows the location of each segment shared by the test taker and the match. This shared segment information can be downloaded by clicking Advanced Options just above the chromosome browser.
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When you view your matches on Living DNA, you’ll see a predicted relationship and a percentage amount representing how much DNA you share.
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MyHeritage’s DNA Matches page contains lots of details about each match: estimated relationship, the length of the largest shared segment of DNA, and more.



MyHeritage has a diverse database of test takers, although (just like the other companies) there is a shortage of test takers from regions such as Africa, South America, and Asia. However, MyHeritage has a strong European presence and has a number of test takers from continental Europe.

Using atDNA: Shared Match Tools

One of the most important tools at each of the testing companies is the Shared Match tool, also called the In Common With (ICW) tool. Shared Match tools allow you to see which of your identified genetic relatives are shared in common with a person in the match list.

23andMe: Relatives in Common

23andMe’s shared matching tool is called Relatives in Common, and is available on the individual match page for all genetic matches (even if they aren’t an Open Sharer or aren’t sharing additional information with the test taker). The 23andMe Relatives in Common tool also reveals whether the three people (the test taker, the match, and the shared match) share a segment of DNA in common, if the match is an Open Sharer or has agreed to share information. To the far right of the Relatives in Common table is the “Shared DNA” column. If the person is an Open Sharer or has agreed to share information (and the three people all share one or more segments of DNA in common), there will be a “Yes” in that column. If the match is not an Open Sharer and has not agreed to share genetic information, the column will report “Share to see,” which prompts the test taker to an invitation to share Ancestry Reports with that shared match.

AncestryDNA: Shared Matches

AncestryDNA’s shared matching tool is called Shared Matches and is accessible via the Shared Matches tab in a genetic relative’s profile. Clicking the Shared Matches tab while viewing a profile will produce a list of matches that are shared by the test taker that match, if there are any. This list of shared matches can provide powerful clues about how the match might be connected to the test taker.

However, there is an important limitation of shared matching at AncestryDNA: Although you can check for shared matches with ANY match, including the very last match you have, you will only see people in the shared match list if that shared match is an estimated fourth cousin or closer. In other words, for a shared match to show up, that shared match must be an estimated fourth cousin or closer to both the test taker and the genetic relative with whom the test taker is checking for shared matches.
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Navigating a network of shared matches can be complicated. Creating a diagram like this one can help you sort out which ancestors you and another test taker at AncestryDNA do (and do not) have in common.



Let’s use an example. Assume the test taker, Blake, has a great-aunt named Amy who has tested at AncestryDNA. Blake sees Amy in his match list, so he clicks on the View Match button to see Amy’s profile. There, he clicks on the Shared Matches tab to see the DNA matches he shares with Amy. He obtains a list that includes a third identified genetic relative named Chris. In order for Chris to appear in that list, he must satisfy two criteria: Chris must be a fourth cousin or closer to Blake, and Chris must be a fourth cousin or closer to Amy. If Chris is a distant cousin to Amy, he won’t appear in the Shared Matches list even if he is a match shared in common with Amy and Blake.

In image Z, which works off the same example, Blake and Amy both have an array of matches. Some of those matches are shared in common, as shown in the region highlighted in gray. Of those, only Chris and David are fourth cousins or closer to both Blake and Amy, so only Chris and David will show up in the Shared Matches list. While (based on other genealogical evidence) Blake and Amy also share Gil, Hu, and Jill in common, they are all more distant matches and won’t show up in the Shared Matches list. Further, close matches like Franny and Egbert won’t show up because they aren’t shared by both Blake and Amy.

Family Tree DNA: The In Common With and Matrix Tools

Family Tree DNA offers two shared matching tools. The first is the Common Matches tool, which is accessible by clicking the box next to a genetic match’s username on the list of Family Finder matches, then clicking In Common With at the top of the list of matches. This will provide a list of all individuals in the genetic matches list who are identified as sharing DNA with both the test taker and the individual for whom the double arrow was clicked. Unlike AncestryDNA, there is no restriction on the prediction of the genetic relationship, so all matches in common with the two compared individuals will be identified on this list. For example, if a mother and daughter have tested and the child does an ICW comparison with her mother, a large percentage of the daughter’s entire match list can be shared with the mother. To avoid scenarios where a shared match is related to the test taker one way and to the genetic cousin another way, use caution with the more distant cousins in the shared match list at Family Tree DNA.

The second shared matching tool at Family Tree DNA is called the Matrix tool. The Matrix tool is accessible by clicking Matrix in the Family Tree DNA Dashboard. The Matrix tool allows you to select up to ten of your identified genetic relatives and compare their atDNA sharing status in a grid or matrix.

For example, say nine people have been added to the Matrix tool by John, the test taker. The way in which individuals are grouped in the tool reveals three distinct patterns. First, Art, Bob, and Cary appear in a cluster, meaning that the test taker John is identified as a genetic match with Art, Bob, and Cary, all of whom are identified as genetic matches with each other. In addition, four of John’s other matches have formed a “Dick-Edgar-Fanny-Guy” group, but these individuals don’t match with Art, Bob, or Cary. And finally, two other matches named Hilda and Ida make up a third group that shares DNA in common with John and everyone in the prior two groups. (In this particular example, Hilda and Ida are John’s children, so it isn’t surprising to see them matching everyone in this list.)

Note this does not mean that all of the individuals in a matrix share a common ancestor with all the other members, as there are scenarios in which a test taker will share common ancestors with some individuals but not others. For example, if John and Art share a common ancestor while John, Bob, and Cary share a different common ancestor, Art could happen to share yet another ancestor who isn’t related to John with Bob and Cary. However, it is reasonable to hypothesize that members in a matrix grouping share a common ancestor, and that hypothesis can be further tested and examined.

Living DNA: Shared Matches

Living DNA shows shared matches in the individual match page of every genetic relative. Simply click an individual match, then scroll down the page to see a list of shared matches.

MyHeritage: Shared Matches

MyHeritage’s shared matching tool is called Shared DNA Matches and is available in the individual match page for each genetic match. One of the benefits of MyHeritage’s shared matching tool is the ability to see how much DNA the shared match shares with the genetic cousin, which can help you identify the relationship between the two.

The shared matching tool also reports a triangulation group, if there is one, with a small icon to the far right of the shared match. A triangulation group is formed by the test taker, the genetic cousin, and the shared match if all three of them share at least one segment of DNA in common. As described previously in this chapter, the MyHeritage chromosome browser is able to show triangulated segments shared by three or more individuals. Accordingly, clicking on the icon will take you to a chromosome browser showing the shared segments of DNA. The triangulated segment(s) will have a curved box surrounding the segment.

Limitations of Shared Match Tools

People do not necessarily share a common ancestor just because the ancestor appears in a shared match tool. In the following example (image AA), test taker George looks for shared matches with a genetic match. George discovers that he and Thomas share a third identified match in common: Judy. George is excited and concludes that all three of them share the same common ancestor. However, as we’ll see, George has jumped to an inaccurate conclusion. It would have been a reasonable hypothesis for George to formulate and then test with other evidence (including documentary evidence). But it is far too soon to make a conclusion based on the shared match.

Indeed, what we know from the image but George does not know, is that George and Thomas share Common Ancestor 1, while George and Judy share Common Ancestor 2. And George can’t determine from the shared match tools alone that Thomas and Judy share an entirely different Common Ancestor 3. Note that George does not share Common Ancestor 3 with Judy or Thomas. If all three of the test takers share the same segment of DNA in common, this might be stronger evidence for George’s untimely conclusion. Alternatively, George can compare the family trees of the three individuals, where he might learn of the previously described situation.
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Shared matches can be deceiving. Three individuals can be considered shared matches, but not all three necessarily share the same common ancestor, as in this example.



Shared match tools provide very strong clues about shared ancestry with genetic matches, but you must use the clues carefully to formulate hypotheses that you can test with additional evidence.

Other Uses for atDNA Testing

Genealogists use the results of atDNA testing for two main purposes: cousin matching (which we’ve already discussed in depth) and ethnicity analysis. Ethnicity estimates provided by testing companies attempt to break down the test taker’s DNA into continental or regional sources. Although these are only estimates they can have genealogical applications, particularly if the research question involves a recent ancestor with a distinct ethnicity. For example, finding numerous segments of DNA that the testing company identifies as “African” can support a hypothesis for a recent ancestor with African ancestry. We’ll discuss ethnicity estimates in more detail in chapter 9.

In addition to cousin matching and ethnicity analysis, the results of atDNA testing can have other uses. For example, genealogists use cousin matching and family trees to “map” or assign segments of their DNA to ancestors. If test takers Aaron and Brenda know they share a segment on chromosome 7 in common, and know that they share a great-grandfather Marshall, they can reasonably hypothesize that the segment on chromosome 7 came from their shared great-grandfather. Thus, when future genetic matches share that segment with them, they know to review their great-grandfather’s line in order to find a common ancestor.

Genealogists are beginning to recreate portions of the genomes of ancestors using atDNA. To do this, they test multiple descendants of an ancestor who are unlikely to have ancestry through lines other than that ancestor. The segments of DNA those descendants share in common, therefore, are hypothesized to have come from the shared ancestor and can be pieced together to recreate portions of the ancestor’s genome. As more descendants are tested, more pieces of the ancestor’s DNA can be identified.

Some genealogists are also using atDNA test results to learn about their health and propensity for certain illnesses or conditions. Although the connection between DNA and health is still poorly understood—and what is understood suggests that DNA plays a smaller role in most health conditions than was once predicted—it is possible to analyze a test taker’s DNA for some limited health purposes. 23andMe, for example, provides health information to test takers as part of its atDNA test. In addition, there are third-party tools that analyze the test taker’s raw DNA data and provide a report of propensities for certain health conditions.

These are just a few of the powerful uses of atDNA, and there will be more as additional people take atDNA tests and as new tools are developed by testing companies and independent programmers.


CORE CONCEPTS: AUTOSOMAL-DNA (ATDNA) TESTING

• Autosomal DNA (atDNA) refers to the twenty-two pairs of chromosomes, called autosomes, in the nucleus of the cell. A child inherits 50 percent of atDNA from the father and 50 percent of atDNA from the mother.

• atDNA testing is done by analyzing hundreds of thousands of SNPs throughout the twenty-two pairs of chromosomes.

• atDNA test results are used to fish for genetic cousins by approximating how many generations have passed since two matches shared a common ancestor. The closer the relationship, the better the estimate.

• Not all genealogical cousins will share atDNA. Cousins and relatives at the second-cousin or closer level are always expected to share DNA. Beyond a second-cousin relationship, the likelihood of sharing DNA with a cousin decreases rapidly.




DNA in Action

What Is the Relationship?

Genealogist Allen, age twenty-five, has tested his atDNA at all three testing companies. He periodically logs into his accounts to check for new matches, and when he logs into Family Tree DNA, he discovers a new close match with the username “NYgreen3.” This match shares 1025 cM with Allen, and is predicted to be a “1st cousin, half-sibling, grandparent/grandchild, aunt/uncle, or niece/nephew.” Allen doesn’t recognize the username or the e-mail address associated with the account, and no other information is provided. The shared matches feature reveals that NYgreen3 matches Allen’s maternal relatives, particularly those on his maternal grandmother’s line.

To figure out how NYgreen3 might be related to him, Allen turns to the Autosomal DNA Statistics page of the ISOGG wiki <www.isogg.org/wiki/Autosomal_DNA_statistics>, which provides a table of the expected amount of DNA shared between people having certain genealogical relationships. The relevant rows of the table are provided below:

[image: ]

According to this table and the 1025 cM shared by the genetic matches, NYgreen3 is closest to the 12.5 percent of sharing and thus is predicted to be a great-grandparent, first cousin, great aunt/uncle/niece/nephew, or half-aunt/uncle/niece/nephew. Without more information, however, Allen is unable to determine the exact relationship.

Allen contacts the individual and learns that NYgreen3 is male, seventy-five years old, and adopted. The fifty-year difference between Allen and NYgreen3 (whose real name is Joseph) suggests that he is not a first cousin or a half-uncle/nephew. He is also unlikely to be Allen’s great-grandfather, as he was in a different country when Allen’s maternal grandparents were conceived. This suggests (but does not prove) that NYgreen3 (Joseph) is potentially Allen’s great-uncle, his maternal grandmother’s brother. Indeed, additional research shows that Joseph was raised near the town were Allen’s grandmother was born, shedding light on both Allen’s and Joseph’s family trees and potentially fostering a new meaningful family connection.




DNA in Action

Was She Native American?

Like many other families in the United States, particularly those with colonial ancestry, the Cornwall family has a long-standing oral tradition of a Native American ancestor. Andrea Cornwall is interested in genealogy and asks her paternal grandfather Caleb Cornwall about this ancestor. He tells her that according to family tradition, the Native American ancestor saved his grandfather Cornwall from death and then married him, and together they had two children.

Andrea would like to confirm—or reject—this story using DNA testing. She does a little research and learns that her great-great-grandmother, the Native American according to family legend, was named Abigail and died young during childbirth while giving birth to Caleb’s father.

Unfortunately, because this ancestor is neither a direct Y-DNA or mtDNA ancestor, Andrea can only do an atDNA test of her grandfather Caleb, her mother Susan (Caleb’s daughter), or herself. Since Caleb will have more of his grandmother’s atDNA, Andrea asks him to take an atDNA test. If Abigail was indeed a Native American as family legend reports, then Caleb’s DNA should report a significant percentage of Native American DNA (as much as 25 percent, potentially, since about 25 percent of his DNA will have come from Abigail).

When the test results come back from the testing company, Caleb receives the following ethnicity estimate together with his match list:
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Based on the results, it is unlikely that Andrea was Native American herself, since Caleb’s percentage of Native American ancestry is very low. She may have had Native American ancestors, but additional testing will be necessary to examine this possibility.




DNA in Action

Who Is This?

Jennifer is trying to determine the genealogical relationships with all of her closest matches at AncestryDNA. While some of her matches have trees or respond to matches, many do not. This makes it challenging to identify matches who don’t use their real names, don’t have a tree, and don’t respond to matches.

Jennifer’s closest unknown match at AncestryDNA is a male with the username “DNAhunter14568” with whom she shares 125 cM. He doesn’t have a tree or any other identifying information in his match page or member page. Jennifer reaches out to him via the AncestryDNA messaging system, but doesn’t hear back.

To potentially generate a hypothesis about the match, Jennifer checks for shared matches with DNAhunter14568 and discovers they share in common Jennifer’s maternal great-aunt, who Jennifer tested the previous summer shortly before she passed away. Other, more distant shared matches appear to be related to Jennifer via her maternal grandfather, the brother of Jennifer’s tested great-aunt. Based solely on these shared matches, Jennifer hypothesizes that DNAhunter14568 is related to her via her maternal grandfather. However, this isn’t enough information to form a conclusion about the identity or relationship of DNAhunter14568.

Jennifer then searches the internet using the search term DNAhunter14568 in an attempt to identify the test taker. Many test takers use usernames that they’ve used in other sites or tools, including as an e-mail address. One of the hits is for an online genealogy forum, in which a user named “DNAhunter14568” posted a query a few years ago about his great-grandfather Hiram Chesterfield, born in Wayne County, New York. The user signed off as Brendan Chesterfield.

Jennifer’s maternal grandfather was named Xavier Chesterfield, and he lived in the town of Walworth in Wayne County, New York. In fact, seeing this information reminds Jennifer that 14568 is the ZIP code for the town of Walworth. While Jennifer has not positively identified the AncestryDNA user “DNAhunter14568,” it’s likely that he is Brendan Chesterfield, a descendant of Hiram Chesterfield and potentially a relative via Xavier Chesterfield. Jennifer can now contact “DNAhunter14568” with this information about a possible genealogical connection, which may potentially increase the likelihood that he will respond to her communication.




5
Y-Chromosomal (Y-DNA) Testing

Is that Smith ancestor born in Virginia in 1718 the son of John Smith or Hiram Smith? How many men do you have in your family tree who have no identified father, or whom, after decades of research, you are convinced must have been dropped on Earth by aliens? Y-chromosome testing (Y-DNA; image A) may be able to help you solve some of these mysteries. Since the Y chromosome is passed down along with the surname in most Western cultures, it is exceptionally useful for examining and breaking through the brick walls of our paternal lines. In this chapter, we’ll learn about Y-DNA and how to add this kind of testing to your genealogical toolbox.

The Y Chromosome

The Y chromosome is one of the twenty-three pairs of chromosomes found in the nucleus of a cell and is one of the two sex chromosomes (the other being the X chromosome). While a female has two X chromosomes (see chapter 7 for more about the X chromosome), a male has one X chromosome from his mother and one Y chromosome from his father. As a result, the Y chromosome is found only in men, who inherit it almost entirely unchanged from their fathers.


Y-CHROMOSOMAL ADAM

In chapter 6, we’ll learn that, if every human on earth could trace back their maternal line, they would all merge on a single person: a woman called “Mitochondrial Eve” who is the mtDNA ancestor of all living humans. Similarly, if every man on earth could trace back his paternal line, they would all merge on a single person, a man called “Y-chromosomal Adam.” He is the most recent common ancestor (MRCA) of all humans on their paternal line (but not on all lines).

Y-chromosomal Adam’s identity has been long since forgotten, yet we know a few things about him. First, we know that he probably lived about two hundred thousand to three hundred thousand years ago based on the number of mutations that are found in modern-day Y chromosomes. Using current information about the mutation rate of Y-DNA, it would have taken approximately two hundred thousand to three hundred thousand years for all the observed variations to arise. Second, we know that Y-chromosomal Adam likely lived in Africa. And third, we know that Y-chromosomal Adam had at least two sons who each gave rise to different lines of the Y-DNA tree.

Similar to Mitochondrial Eve, “Y-chromosomal Adam” has his name’s origins in the Bible. However, he was not the only man alive at that time and is not the only one of his contemporaries to have living descendants. Thousands of other men likely lived at that time and have living descendants but at some point between then and today “daughtered out” or had a final Y-DNA descendant in each of these other lines who failed to produce a son.

The date of Y-chromosomal Adam is not a fixed point in time. Even today, old Y-DNA lines are dying out and new Y-DNA lines are being created, which can move the date of Y-chromosomal Adam. Additionally, new Y-DNA lines may be discovered that could push back the date of Y-chromosomal Adam. For example, a paper published in 2012 revealed that an entirely new root haplogroup had been discovered in African-American test takers, thereby pushing back the date of Y-chromosomal Adam. This new root, called A00, is older than the original Y-chromosomal Adam, and therefore a new Y-chromosomal Adam was identified. As more men are tested around the world, particularly in Africa, it is possible that other root haplogroups could be identified and the date of Y-chromosomal Adam could be pushed back further in time.
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The Y chromosome (right) is smaller than most other chromosomes, including the X chromosome (left), but it contains genetic information valuable to genealogists. Image courtesy of Jonathan Bailey of the National Human Genome Research Institute.



The Y chromosome is approximately fifty-nine million base pairs long, which is actually very short for a chromosome. The chromosome contains approximately two hundred genes, just a small fraction of the estimated twenty to twenty-five thousand genes found throughout the entire human genome.

The Unique Inheritance of Y-DNA

Similar to mitochondrial DNA (mtDNA; chapter 6), Y-DNA has a unique inheritance pattern that makes it valuable for genetic genealogy testing. The Y chromosome is always passed down from a father to his son. The father’s cells make an exact copy of this Y chromosome and pass that down to his sons through his sperm. Note that if a man has only daughters, his Y chromosome is not passed on to the next generation.

Unlike all other chromosomes, the Y chromosome is always unpaired, meaning that it does not exchange DNA with another Y chromosome through a process called recombination. Although the tips of the Y chromosome and the X chromosome will sometimes recombine, these regions of the Y chromosome are typically not utilized for genealogical research or haplogroup determination. As a result, the Y chromosome that a father possesses will almost always be identical to the Y chromosome of his sons.
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Y-DNA is passed down the paternal line (in blue).
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John’s descendants who have his Y-DNA are in blue; notice great-grandchildren 3 and 4 have John’s Y-DNA, but 1, 2, and 5 don’t.



Image B shows the inheritance of the Y-DNA within a family tree. John decides to test his Y-DNA and reviews his family tree to see from whom he inherited that piece of DNA. John inherited the Y-DNA from his father, Kyle, who inherited the same Y-DNA from his father, Liam, who inherited it from his father, Matthew.

At each generation, only one of John’s ancestors carried his Y-DNA. Due to the unique inheritance pattern of Y-DNA, John knows exactly which ancestor that is even though he may not know his name or identity. For example, John has 1,024 ancestors at ten generations, a total of 512 men and 512 women. Although every one of those 512 male ancestors had a Y chromosome, only one of them passed down his Y chromosome to John.

Knowing the inheritance pattern of Y-DNA also gives genealogists the ability to trace this piece of DNA forward through a family tree. Let’s say John is a great-grandfather and would like to know which of his descendants carry his Y-DNA. Image C is John’s family tree, in which blue-labeled individuals carry John’s Y-DNA. Only two of John’s children, his two sons, carry John’s Y-DNA. At the great-grandchild level, two of John’s great-grandchildren (3 and 4) carry his Y-DNA. For Y-DNA, a female is always a dead end in the line.

Daughtering Out

A male can take a Y-DNA test to examine his own Y-DNA line. A female, however, will have to ask her brother, father, or uncle (or another male relative) to take a Y-DNA test. And any genealogist tracing another piece of Y-DNA will have to find a living male descendant who is willing to take a Y-DNA test. Sometimes, however, an ancestor may have no descendants who carry his Y-DNA, even if they have many descendants. In this case, the Y-DNA is said to have “daughtered out.”

In the example in image D, Ralph has no living descendants with his Y chromosome. Ralph had one son and three daughters, and his son had only a daughter. Accordingly, Ralph’s Y-DNA has daughtered out.

However, it may still be possible to find a relative who possesses Ralph’s Y-DNA. By going back a generation and working forward to determine whether there are any living Y-DNA descendants, a genealogist may find a living male relative willing to take a Y-DNA test. In this example, Ralph’s father, Simon, possessed the same Y-DNA as Ralph and passed it down to Ralph’s brother and down through a line to the living male descendant, Carl.

If Simon had no male descendants who carried his Y-DNA or no descendants willing to take a DNA test, a genealogist could go back yet another generation and work forward. There is no limit to how many generations back a genealogist can go to find a Y-DNA relative, although, as discussed later, a genealogist should consider the increasing possibility of misattributed parentage with every additional generation.
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If you’re having trouble finding a living descendant who has your ancestor’s Y-DNA and is willing to take a Y-DNA test, work back another generation to find a more distant cousin who can help. Here, Carl has the same Y-DNA as John even though he’s not one of his direct descendants.



How the Test Works

Normally, the Y chromosome is transmitted from one generation to the next almost entirely without change. Over time, however, the Y chromosome can accumulate one or more mutations that—while typically harmless and not affecting a man’s health—can be detected by a test and be useful for genealogical analysis.

Two Y-DNA tests for genealogy are available: Y-STR tests and Y-SNP tests (image E). Y-STR tests, or “Short Tandem Repeat” tests, sequence between 12 and 111 (and sometimes even more) very short segments of Y-DNA at locations all along the Y chromosome. Similarly, the Y-SNP test, or “Single Nucleotide Polymorphism” test, examines between one and hundreds of single spots along the Y chromosome. In this section, we’ll discuss how these tests work and the pros and cons of each.
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Genealogists have two Y-DNA tests to choose from: Y-STR testing that sequences the number of repeated segments and Y-SNP testing that tests specific points of DNA (SNPs).



Y-STR Testing

Y-STR markers, central to this type of Y-DNA testing, are identified by their DNA Y-chromosome Segment (DYS) number and measured by the number of repeats of a particular DNA sequence at a particular location. The results of Y-STR testing are usually presented with a DYS name and the number of repeats for that particular marker.

The DYS name identifies which specific location along the Y chromosome is being analyzed, and the number of repeats identifies how many repetitions of a nucleotide sequence are found at the location being analyzed. For example, DYS393 is an STR located at a specific position on the Y chromosome, and usually has between nine and eighteen repeats of the sequence AGAT, with thirteen repeats being the most common. A DYS393 result of 9, for example, means that there are nine repeats of the AGAT sequence at that location:
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The results of multiple Y-STR markers are typically presented in a table with the DYS marker name in the top row and the number of repeats for each marker in the next row.
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Together, the results of an individual’s tested Y-STR markers represent the individual’s haplotype, the collection of specific marker results that characterize that test taker. Every male has a specific Y-DNA haplotype, and generally the more similar the haplotypes of two males, the more closely related they are.

Most Y-STR tests examine between 37 and 111 STR markers, although more STRs are being identified and used for testing. As of publication, Family Tree DNA offers 37-marker, 67-marker, and 111-marker Y-STR tests. The 67-marker test, for example, contains all of the markers from the 37-marker test, plus an additional thirty markers. Similarly, the 111-marker test contains all of the markers from the 67-marker test, plus an additional forty-four markers. The more Y-STR markers that are tested, the greater the resolution of the estimated relationship between two compared males.


RESEARCH TIP:

Note the Names

In the past, the naming convention for Y-DNA haplogroups added a number or a letter for each new branch of the tree. However, as new branches were discovered, the haplogroup names became too long to be useful. A new naming convention, called the terminal SNP, is now most often used for haplogroup naming. For example, the test taker’s terminal SNP in the R1b1a2a1a1 example is R-U106, which is the most distant branch to which he can be mapped.



The number of repeats at a particular Y-STR can change over time at a relatively regular rate, thereby giving genealogists the ability to trace patrilineal lineages over time. A father and son, for example, will almost always have the same Y-DNA haplotype. Occasionally, a mutation occurs in one or more of the Y-STR markers between one generation and the next. For example, nine repeats at DYS393 can become ten or even eleven repeats due to a random error. The rate of errors is relatively regular, meaning that the differences between two haplotypes work as a “clock” to estimate how many generations have passed since two men had a common ancestor. DYS393 has a very slow mutation rate of 0.00076, or approximately one mutation in every 1,315 transmission events, on average. However, despite this slow mutation rate, a mutation in DYS393 can randomly occur at any time, leading to a father and son differing at this marker.

Some Y-STR markers have a tendency to change more rapidly than others. In contrast to DYS393’s slow mutation rate, for example, DYS439 has a mutation rate of 0.00477, or about one mutation in every 210 transmission events, on average. When comparing the Y-STR results of two men, consider whether they differ at fast markers and/or slow markers. For example, if the two men differ at only “fast” markers, it is likely—but not guaranteed—that their common ancestor could be significantly more recent than two men who differ at only “slow” markers. Family Tree DNA identifies “faster changing STR markers” in Y-DNA surname projects by highlighting them in red. See <www.familytreedna.com/learn/project-administration/gap-reference/colors-y-dna-results-chart-heading> for more information.

The sample results also identified the Y-DNA haplogroup of the test taker as R1b1b, though this is just an estimate based on the results of the Y-STR test. Similar to mtDNA haplogroups, Y-DNA haplogroups are named by letters of the alphabet, and a particular Y-DNA haplogroup result can provide information about the ancient origins of the test taker’s patrilineal line. However, haplogroups can only be estimated by Y-STR testing and are actually defined by Y-SNPs.

And what can these tests do for you? Y-STR tests are essential for estimating the relatedness between two males. Since Y-STRs exhibit a relatively constant mutation rate, the number of differences between the Y-STR profile of two people—their haplotypes—can be used to estimate the time since those two people shared a common male ancestor. One mutation will mean a more recent common male ancestor, while ten mutations will mean a very distant common male ancestor. Accordingly, Y-STR results are extremely useful for examining genealogical questions involving male lines.

Y-SNP Testing

Y-SNP testing examines hundreds or thousands of SNPs—variable nucleotides A, T, C, and G—all along the length of the Y chromosome. Y-SNPs are traditionally used to determine a test taker’s Y-DNA haplogroup and ancient ancestry, but not as useful for finding genetic cousins in the testing company’s database. However, new tests are identifying SNPs that may be useful on a genealogically relevant time frame. These so-called “family SNPs” are mutations that developed within the past few hundred years. While there is no test available specifically for family SNPs at the time of this book’s publication, these types of tests will probably be available in the near future.

The results of a Y-SNP test can have several important uses. For example, Y-SNP testing accurately determines the test taker’s Y-DNA haplogroup and reveals information about the ancient ancestry of the patrilineal line. Since SNPs are used to define Y-DNA haplogroups, the results of a Y-SNP test can also confirm an estimate or redefine a haplogroup estimate that is based solely on Y-STR results.

In addition, each SNP in the results helps place the test taker on a branch of the human Y-DNA tree. Every SNP result will be either ancestral, meaning the test taker does not have a mutation at the particular SNP, or derived, meaning the test taker is mutated at that SNP. SNPs and their ancestral or derived classification help define the test taker’s location on the human Y-DNA haplogroup tree. For example, an individual will be derived for the SNPs that define the branch of the Y-DNA haplogroup tree where they belong.

In the following table, for example, the test taker’s Y-SNP test results reveal that his Y-DNA belongs to haplogroup R1b1a2a1a1, one of the most common Y-DNA haplogroups in Europe. In this example, the first SNP result, M269+, indicates that the test taker is derived at that SNP. At L277, however, the test taker is ancestral (hence, L277-).
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In this simplified Y-DNA haplogroup tree, the most distant branch of the tree to which the test taker can be mapped is R-U106, otherwise known as R1b1a2a1a1 (image F).

The human Y-DNA haplogroup tree is far from complete. New branches are constantly being discovered as more men undergo Y-DNA testing. Returning to the previous example, if a new branch of the Y-DNA tree were to be discovered underneath U106, and the test taker was derived at the SNP that defined that new branch, his terminal SNP would change to the more distant branch of the tree (R-NEWSNP; see image G).
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Y-DNA haplogroups (such as these that start with the letter R) are assigned based on whether an individual is ancestral or derived at various DNA segments (SNPs).
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New branches (such as R1b1a2a1a1a) are constantly being added to the Y-DNA haplogroup tree.



The International Society of Genetic Genealogy (ISOGG) maintains an extensive Y-SNP Index <www.isogg.org/tree/ISOGG_YDNA_SNP_Index.html>, as well as a detailed Y-DNA Haplogroup tree <www.isogg.org/tree/index.html> with a separate page for each haplogroup. In addition to a map of the tree for each haplogroup, the ISOGG site includes a brief description of the haplogroup’s origin, a list of primary references, and a list of additional resources.

Family Tree DNA has mostly cornered the market on Y-DNA testing, but other companies have begun using SNP testing to sample Y-DNA and provide haplogroup determinations. 23andMe <www.23andme.com> examines between two and four thousand SNPs on the Y chromosome. 23andMe does not use the Y-DNA for matching, but it does provide a haplogroup determination for the test taker’s Y-DNA. Likewise, Living DNA <www.livingdna.com> also analyzes the test taker’s Y-DNA by examining more than thirty-four thousand SNPs and providing a haplogroup determination using those results.

The Big Y-700 Test

In addition to Y-STR and Y-SNP testing, Family Tree DNA also offers a Y-DNA sequencing test called Big Y-700 (formerly called Big Y). The test sequences approximately 12 million base pairs of the Y chromosome, and identifies both Y-STR and Y-SNP results within those 12 million base pairs. Big Y-700 test takers receive a list of SNPs for whom they are different relative to a Y-DNA reference sequence, as well as approximately seven hundred Y-STR markers (including the 111 Y-STR markers tested by traditional Y-STR testing).

Big Y-700 is an advanced Y-DNA test, and potential consumers should carefully consider it before deciding to buy. While likely not very useful for identifying random close matches in the Family Tree DNA database, the test can be helpful for members of family groups trying to tease apart relationships within the past few hundred or one thousand years. Several surname projects, working with Big Y-700 test results in a careful, planned approach, are combining the test results with Y-STR testing to make interesting discoveries about individual families.

As with all other Family Tree DNA test results, Big Y-700 results appear in your dashboard. You will see a “Results” tab that lists all the SNPs in the 12 million sequenced base pairs for which you differ from a Y-DNA reference sequence. For example, image H shows my Big Y-700 results, which indicate that I have a mutation at an SNP called A1207 (that is, I am “derived” at that SNP). At SNP A1207, I have a T, while the reference sequence has a G. Clicking on the SNP name brings up a window that shows the actual sequencing data, allowing me to evaluate the quality of the analysis. Some of these are “Named Variants,” meaning the SNP has been previously characterized. But I likely also have some “Unnamed Variants,” meaning the SNP might be new or is otherwise uncharacterized. Figuring out who has these SNPs, and how they fit onto the human Y-DNA haplogroup tree, is one of the goals of Big Y-700 testing. Indeed, we have already added hundreds of SNPs to the Y-DNA haplogroup tree as a result of the Big Y-700 test.
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Your Big Y-700 results will indicate at which SNPs you have mutations.



The Matches tab in the results dashboard shows your current location on the human Y-DNA haplogroup tree, as well as any Big Y-700 test takers you are closely related to, if any. As shown in image I, my current haplogroup assignment is R-A415. This is my terminal SNP, which is the furthest point on the Y-DNA tree to which I’ve been assigned. I do not, however, have any close Big Y-700 matches.

The Y-STR Results tab shows the four hundred to five hundred Y-STR results identified by the Big Y-700 test. The traditional 111 Y-STR markers will be included in this list.

The Family Tree DNA interpretation of your Big Y-700 results is not necessarily the end of the analysis. Once you have access to your Big Y-700 raw data—specifically, a file called a BAM (Binary Alignment Map)—you can upload that file to third-party services such as YFull <www.yfull.com> to obtain additional information. The YFull analysis will, for example, provide a haplogroup determination, your novel SNP variants, your Y-STR genetic matches, and other analysis.
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The Big Y-700 test will place you in a haplogroup and assign you matches. As it so happens, I don’t have any Big Y matches.



Applying Y-DNA Test Results to Genealogical Research

Y-DNA tests have many important applications to your genealogical research. For example, the results of a Y-DNA test can be used to determine the Y-DNA haplogroup of a particular line, find DNA cousins or paternal ancestors, and answer genealogical questions. Y-DNA can also determine whether two men are paternally related, and can roughly estimate the length of time since the two men shared a most recent common ancestor (MRCA) on their direct patrilineal line. In this section, we’ll discuss each of these uses in detail.

Determining a Y-DNA Haplogroup

The results of Y-STR testing will provide a haplogroup estimate, while the results of Y-SNP testing will provide a more definitive haplogroup determination. All Y-DNA haplogroups, which are named with letters and numbers, descend from Y-chromosomal Adam. From Y-chromosomal Adam forward, major branches of the Y-DNA family tree indicate new haplogroups and minor branches indicate subgroups (or subclades) of that new haplogroup (image J). Each branch, whether major or minor, is defined by one or more SNP mutations. Although some SNP mutations are found in multiple branches, usually a branch contains a number of mutations so a Y-DNA sequence can be properly assigned to the correct haplogroup.
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Major groups of Y-DNA haplogroups (called subclades) can be mapped in accordance with how they evolved from Y-chromosomal Adam.



The test taker can then utilize the haplogroup designation to learn about the ancient origins of the direct patrilineal line. The Y-DNA Haplogroups page at WorldFamilies <www.worldfamilies.net/yhaplogroups> is a good resource, with brief introductory information about the different Y-DNA haplogroups. Some Y-DNA haplogroups have multiple sources of information available. Occasionally, these sources will have information that appears to be conflicting, but this shouldn’t be cause for alarm as researchers are still learning about the human Y-DNA tree. Y-DNA haplogroup descriptions will continue to change as scientists learn more about the Y-DNA tree.

Finding Y-DNA Cousins

You can use the results of a Y-STR test to find genetic cousins who share a direct patrilineal ancestor. The test taker’s Y-STR haplotype—the collection of numerical results at each of the tested markers—is compared to every other Y-STR haplotype in the database, and other test takers with sufficiently similar results are identified. Usually, two haplotypes must be as close as, or closer than, a minimum threshold set by the testing company in order to be identified in the test taker’s genetic cousin list. The more similar the test taker’s haplotype and the patrilineal cousin’s haplotype, the closer the common patrilineal ancestor was to them in time and generational distance.
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These results from Family Tree DNA describe the relationship between the test taker and his DNA matches, including the genetic distance, haplogroup, and (for some matches) the most distant ancestor.



Only Family Tree DNA offers the ability to compare a test taker’s Y-STR test results to a large Y-STR database. With more than six hundred thousand Y-STR test takers in the company’s database (see <www.familytreedna.com/why-ftdna.aspx> for current statistics), you’re more and more likely to find a patrilineal cousin when taking a Y-STR test.

An individual taking a Y-STR test from Family Tree DNA receives a list of people in the database who have identical or very similar Y-DNA. These individuals are Y-DNA cousins and are related to the test taker through the patrilineal line. Some may have identical Y-DNA, while others might differ by a handful of STR differences. Generally, the more similar the Y-STR profiles of two men, the more closely those two men are related.

For example, in image K, the individual has taken a 67-marker Y-STR test from Family Tree DNA. There are eight other test takers in Family Tree DNA’s database who have Y-DNA similar enough to the test taker’s Y-DNA to be shown in the list. However, these individuals have a genetic distance of 2 or more, meaning that the Y-DNA results, or haplotypes, are not identical; instead, they differ by two or more mutations.

Genetic distance is calculated by adding together the difference between the results for each marker where the two test takers differ. In the following example, the two test takers differ by a value of 1 at two different markers and have a genetic distance of 2:
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In this example, the two test takers differ by a value of two at one marker, and thus also have a genetic distance of 2:
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Since all males are paternally related through Y-chromosomal Adam, Family Tree DNA only shows a test taker’s closest Y-DNA matches. The following table shows the genetic distance (“GD”) matching thresholds used by Family Tree DNA:
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Accordingly, if two men have tested 37 Y-STR markers and have a genetic distance of 5, they will not be shown as Y-DNA matches. This makes sense, as this is likely to be a paternal relationship well beyond the time frame of genealogical records. Upgrading the two men to 67 Y-STR markers may keep their genetic distance at 5, in which case they would now be shown as matches (the threshold at 67 Y-STR markers is GD=7), or their genetic distance may get larger and they may or may not satisfy the 67 Y-STR marker threshold.

The genetic distance provides insight into the amount of time and number of generations that have elapsed since two test takers shared a common patrilineal ancestor. For example, at 67 Y-STR markers, a genetic distance of 0 indicates a more recent common ancestor while a genetic distance of 7 indicates a much, much older common ancestor.

The table below (adapted from Family Tree DNA’s “Expected Relationships With Y-DNA STR Matches” <www.familytreedna.com/learn/y-dna-testing/y-str/expected-relationship-match>) breaks down how closely related Y-DNA matches are across multiple tests, by genetic distance. However, this is only a very rough guide, and Y-DNA test takers with a known paternal relationship may find their genetic distance is closer or more distant than the table might suggest:
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If a test taker has only taken a 37-marker test (or an even older test with fewer markers), upgrading to a 67- or 111-marker test could provide additional insight into the genealogical relationship between two men. For example, it is possible that a genetic distance of 2 at thirty-seven markers will remain 2 when upgraded to 67 markers, which suggests a much closer genealogical relationship than was observed at 37 markers. In contrast, it is also possible that a genetic distance of 2 at 37 markers will increase to 3 or more when upgraded to 67 markers, which suggests a more distant genealogical relationship than was observed at 37 markers. Genetic distance can increase, but should never decrease, with additional Y-STR testing.

Family Tree DNA also provides a statistical analysis of the distance between two test takers who have similar Y-STR haplotypes. This statistical analysis is called the Family Tree DNA Time Predictor (FTDNATiP). The FTDNATiP analysis can be performed on any of a test taker’s list of individuals with similar Y-DNA, and can be found by clicking the orange box labeled TiP on the Matches page (image L).

FTDNATiP compares the results of the test taker and his identified match, and calculates the time to the most recent common ancestor (TMRCA) using a patented algorithm that utilizes the specific mutation rate for each of the markers where there is a difference between the two men.

In the following example (image M), the two test takers have a genetic distance of 2 at 67 markers. The TiP calculator calculates a 44.43-percent probability that the test takers share a common ancestor in the last four generations, and an 84.11-percent probability that the test takers share a common ancestor in the last eight generations. In fact, the two test takers in this example share a common ancestor at six generations.
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Family Tree DNA’s FTDNATiP will calculate the probability that you shared an ancestor with your match.
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FTDNATiP provides percentage estimates that you and a Y-DNA match shared an ancestor within a certain number of generations.



Because the TiP calculation is based on individual mutation rates for specific markers, the same genetic distance can have slightly different TiP estimates if the genetic distance is caused by different markers. For example, the TiP calculation for a genetic distance of 1 when the mutation is DYS391 may be slightly different than a TiP calculation when that mutation is DYS458.

Joining a Surname or Geographic Y-DNA Project

A Y-DNA project is a collaborative effort to answer genealogical questions using the results of Y-DNA testing. A surname project, for example, brings together individuals with the same (or similar) surname(s), while a geographic project gathers individuals by location rather than by family or surname. Other projects bring individuals together based upon their haplogroup designation. Administrators who are responsible for organizing results, sharing information, and recruiting new members to the group run these DNA groups.

Family Tree DNA hosts more than eight thousand different DNA projects, including both mtDNA and Y-DNA projects. The Williams DNA Project <www.familytreedna.com/groups/williams-dna>, for example, has more than thirteen hundred Y-DNA test takers. Other projects may only have a few test takers.

Finding a DNA project is usually very simple. Here are three places to begin your search:


	Family Tree DNA <www.familytreedna.com> provides a box to search by surname or by location or country. Alternatively, projects can be found using the alphabetical listing.

	Cyndi’s List provides a partial listing of Surname DNA Studies & Projects <www.cyndislist.com/surn-dna>.

	Search engines are one of the easiest ways to find a surname project. Searching [SURNAME] DNA Project will typically identify relevant projects in the search results.



DNA projects can potentially accomplish a number of goals for participants, including:


	estimating relationships between individuals in the project

	confirming or rejecting the relationship of surname variants

	exploring the surname’s country (or countries) of origin

	learning more about the migration of the surname over time

	joining a community of other genealogists with similar goals



In addition to these benefits, you’ll have a financial incentive to joining a surname or geographic project even before ordering a Y-DNA test. Family Tree DNA offers a testing discount to every member of a DNA project.

Analyzing Genealogical Questions

Similar to mtDNA results, the results of a Y-DNA test can be used to examine genealogical questions, including supporting known lines, analyzing family mysteries, and potentially breaking through brick walls. Traditional documentary research can combine with the results of Y-DNA testing to make a powerful tool for genealogists.

Since Y-DNA is inherited paternally, it is very good at determining whether two people are related through their paternal lines. And unlike mtDNA, Y-DNA can provide a better estimate of approximately how much time has passed since two people shared a common patrilineal ancestor. And unlike autosomal DNA (atDNA), Y-DNA is passed down to the next generation largely unchanged and does not recombine with other DNA. The Y chromosome analyzed in a living male is virtually identical to the Y chromosome in his paternal great-great-great-grandfather.

While providing numerous benefits, Y-DNA testing also has several important limitations when it is being applied to genealogical questions. For example, Y-DNA testing can only determine whether two people are paternally related on their direct patrilineal line. Further, a Y-DNA test can only reveal whether two men are paternally related somehow, but is unable to determine exactly how those two men are paternally related. For example, two men with matching Y-DNA could be brothers, father-son, first cousins, or a more distant relationship like fifth cousins.

It is also possible to use Y-DNA testing to determine whether you might be paternally related to an atDNA match. As we’ll learn later in the book, an atDNA match can be found on any of your ancestral lines, but it is difficult to identify the common ancestor shared with an atDNA match. If that atDNA match also shares your Y-DNA (or the Y-DNA of a paternal relative), then you can significantly narrow down which lines to search for a common ancestor.

As another example, adoptees often use Y-DNA testing to assist them in their search for their biological family. Finding a close Y-DNA match can potentially point the adoptee toward the biological father’s family, and can even provide a possible biological surname, which can be an enormous clue for adoptees.

Finding Biological Ancestors

An increasingly common use of Y-DNA is to recover an unknown biological surname. For an adopted male, for example, the Y-DNA retains a link to a biological family that paper records may not possess, or that might be locked behind privacy walls. Based on Family Tree DNA’s experience, roughly 30 percent of males who test their Y-DNA through the Adopted DNA Project <www.familytreedna.com/groups/gagp/about/background> at Family Tree DNA are able to identify their likely biological surname through Y-DNA alone.

For example, assume an adoptee by the name of Riley Graham has done extensive research but has not found any accessible records that reveal his biological surname. In an attempt to connect with biological relatives, Riley takes a 67-marker test, and his results reveal an interesting pattern:
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Riley shares all markers with Philip Davis, meaning he is closely related to him on his patrilineal line. It is very likely, therefore, that his biological father, grandfather, or other recent ancestor had the Davis surname. Riley and Frederick Davis have a genetic distance of 1, so their relationship is potentially a little more distant. Riley and John Thomas have a genetic distance of 2. This could represent a misattributed parentage event (also called a non-paternal event). A misattributed parentage event can occur, for example, if a Thomas ancestor adopted a Davis child, if the wife of a Thomas ancestor had a child with a Davis man, or if a Thomas male decided to change his surname to Davis.

Y-DNA testing will not always reveal the surname as it has in this example. Often, the individuals in the test taker’s match list will be too distantly related to be definitive. For example, the results may show a match list with several or many different surnames. Alternatively, few people may be in the match list, or they may all be very distantly related. In that instance, the test taker can wait for other men (potential new matches) to take Y-DNA tests, or can identify men who might be good candidates and ask if they are willing to undergo Y-DNA testing.


CORE CONCEPTS: Y-CHROMOSOMAL (Y-DNA) TESTING

• The Y chromosome is one of the two sex chromosomes. Only men possess a Y chromosome, and a father passes down his Y chromosome to only his sons. As a result of this unique inheritance pattern, Y-DNA is only used to examine a test taker’s paternal line.

• Y-DNA testing is done by either sequencing short regions of the Y chromosome (Y-STR testing) or through SNP testing (Y-SNP testing) of the Y chromosome.

• The results of any Y-DNA test can be used to determine the paternal haplogroup, or ancient origins, of the paternal line back thousands of years. Y-STR tests estimate the paternal haplogroup, while Y-SNP tests definitively determine the paternal haplogroup.

• The results of a Y-STR sequencing test can be used to fish for genetic cousins. Since the Y chromosome mutates relatively rapidly and at a well-characterized rate, Y-STR testing is very good at finding random genetic matches in a testing company’s database and estimating how many generations have passed since two men shared a common paternal ancestor.

• Y-DNA test results can be useful for examining specific genealogical questions, such as whether two people are or are not paternally related




DNA in Action

Are They Brothers?

In the diagram below, a genealogist has identified two historical men, Philip and Joseph, as potential brothers based on well-researched paper-trail evidence. To determine whether the two men could have been brothers, the genealogist has traced descendants of Philip and Joseph and asked them to take a Y-STR test. Both descendants agreed, and the genealogist is now reviewing the results.

The results of the 67-marker Y-STR test taken by the two descendants, a brief excerpt of which is shown below, reveal that the two test takers are identical at all 67 markers:
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Although Philip’s descendant and Joseph’s descendant have identical Y-DNA test results, this does not alone prove that Philip and Joseph were brothers. Just like mtDNA, Y-DNA cannot determine an exact relationship, and thus the results only provide additional support for the hypothesis that Philip and Joseph could have been brothers. They also could have been father-son, uncle-nephew, paternal male cousins, or a variety of other possible relationships, as long as they share a paternal line. Indeed, they could even be very distant paternal cousins. Still, it is feasible to explore the possibility that Philip and Joseph could be brothers, particularly in view of documentary evidence.

However, let’s assume that the results actually came back and indicated that they were not similar, or that they even belonged to completely different haplogroups. That would mean that at least one of the following scenarios is true: (1) Philip and Joseph were in fact not brothers or (2) somewhere in the patrilineal line between Philip and his purported Y-DNA descendant—or between Joseph and his purported Y-DNA descendant—a “break” in the line, such as an adoption, occurred.

As mentioned earlier in this chapter, a break in a Y-DNA line is known as misattributed parentage or a non-paternal event (NPE). NPEs occur at a rate of approximately 1 to 2 percent in the general population, and can be due to a variety of factors such as adoption, name change, infidelity, and others. Although NPEs are rare, they should always be considered when reviewing Y-DNA test results.




DNA in Action

Is This the King? Part I

In 2012, researchers supported by the Richard III Society <www.richardiii.net> found a skeleton under a parking lot in Leicester, England. Based on the time frame in which the skeleton was buried, the age of the skeleton upon the person’s death (mid-thirties), and physical characteristics including battle wounds and severe scoliosis, the researchers believed that this skeleton could be the remains of King Richard III of England. On August 22, 1485, the thirty-two-year-old Richard was killed at the Battle of Bosworth Field. Richard was buried within the Greyfriars Friary Church in Leicester. However, the location of Richard’s grave was ultimately lost through the passage of time.

Researchers wanted to compare the Y-DNA obtained from the skeleton to Y-DNA from some of Richard’s paternal relatives to determine if they had a match. Since Richard III had no children, genealogists had to go back to Richard’s great-great-grandfather, Edward III, and follow his descendants forward to find a candidate who would share Y-DNA with Richard III. The genealogists ultimately identified five living descendants who took Y-DNA tests (labeled A through E).

Y-SNP testing of individuals A through E revealed that four of them belonged to the Y-DNA haplogroup R1b-U152 (a single patrilineal group). However, one of the individuals belonged to haplogroup I-M170 and thus was not a patrilinear relative of the other four within the time span considered, indicating that a break had occurred within the last four generations. In contrast, the Y-DNA sequenced from the skeletal remains belonged to haplogroup G-P287, with a corresponding Y-STR haplotype. Thus, surprisingly, the Y-DNA of the two brother’s lines (John of Gaunt’s line and Edmund of York’s line) does not match.

Overall, the evidence (such as the Y-DNA results and the results of the mtDNA test, which we’ll discuss in chapter 6) overwhelmingly concluded that the skeletal remains were indeed those of Richard III. The Y-DNA results also suggest there is a case of misattributed parentage somewhere between Richard III and individuals A through E. Because four of the test takers had the same Y-DNA, the case of misattributed parentage is almost certainly at or before Henry Somerset. Nineteen generations separate Richard III and Henry Somerset, and, assuming a rate of NPEs of 1 to 2 percent per generation, the chance of misattributed parentage occurring in this number of generations is 16 percent.
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6
Mitochondrial (mtDNA) Testing

Are you frustrated by all those female ancestors with missing maiden names, or not sure which Edith is your great-great-grandmother? Look no further than the answers provided by mitochondrial DNA (mtDNA). One of the most powerful tools available to genetic genealogists, mtDNA offers a glimpse into the maternal lines of even your most challenging ancestors. mtDNA is so powerful that it is used by the military to identify the remains of recovered soldiers, by scientists to identify the remains of kings and tsars, and by genealogists to solve innumerable genealogical mysteries. So how can mtDNA help you?

Mitochondrial DNA

Mitochondria are tiny energy “factories” located inside almost every cell in the body. These factories spend every hour of every day producing energy that the body uses to power things like muscles. You have hundreds or thousands of mitochondria in each cell, and each one contains hundreds of copies of mtDNA. There is a lot of mtDNA in every cell!
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mtDNA is circular in shape, and mtDNA testing examines either sections of the DNA that are especially prone to mutation (HVR1 and HVR2, in gray) or the whole sequence of DNA (in green).



Mitochondrial DNA (image A) is a small circular piece of DNA made up of a chain of approximately 16,569 pairs of special molecules called nucleotides. The DNA codes for thirty-seven genes, many of which are directly involved in helping the mitochondria produce energy for the cell. Although mtDNA is an unbroken loop of DNA, scientists and testing companies have given portions of the loop different names based on the DNA found within those portions. The first and second portions, called hypervariable control region 1 (HVR1) and hypervariable control region 2 (HVR2), are regions of the mtDNA that accumulate changes relatively quickly, and thus tend to be hypervariable (i.e., more likely to change) from one person to the next unless those people are closely related. The third portion, the coding region (CR), accumulates far fewer changes and contains the nucleotide base-pair sequence for mitochondrial genes.

The exact start and stop positions for these portions can vary from one testing company to the next, but the most commonly used start and stop positions for each region are:


	HVR1: base pairs 16,001–16,569

	HVR2: base pairs 001–574

	CR: base pairs 575–16,000



As shown in image B, the HVR regions are found on either side of the first numbered base pair (00001) of the mtDNA sequence. There is nothing special about this base pair; it is always counted as the first base pair because it was so identified in the very first mtDNA sequence obtained, and the designation has stuck.
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HVR1 and HVR2 are groups of base pairs in mtDNA that are more likely to mutate than the rest of the molecule.



Traditionally, mtDNA testing only sequenced the HVR1 and HVR2 regions. But as the price of sequencing has dropped, most current mtDNA tests sequence all 16,569 base pairs of mtDNA. Full mtDNA sequencing offers several benefits over HVR1/HVR2 sequencing, including better ancient origin information as well as more accurate cousin matching. Reading and comparing the entire mtDNA sequence provides as much information as can be gleaned from this type of DNA. To put it another way, testing the HVR1/HVR2 regions is like reading the abbreviated study guide for Moby-Dick, while testing HVR1/HVR2 and the coding region is like reading the entire novel.

The Unique Inheritance of mtDNA

mtDNA has a unique inheritance pattern that makes it particularly valuable for genetic genealogy testing. Unlike other types of DNA, which can be jumbled in a process called recombination, mtDNA is always passed down from a mother to her children—both male and female—without jumbling. The mother makes exact copies of her mtDNA and passes them down in her egg.

Although mothers pass down mtDNA to both sons and daughters, only daughters will pass it on to the next generation. While every man has mtDNA he inherited from his mother and can be tested, that mtDNA ends with him. He does not pass it on to the next generation.

Image C shows the path of mtDNA inheritance within a short family tree. Joan decides to test her mtDNA and would like to determine from whom in her family tree she inherited that particular piece of DNA. She inherited the mtDNA from her mother, Karen, who in turn inherited it from her mother, Lisa, who in turn inherited it from her mother, Marie. At every generation, only one ancestor carried the mtDNA. And due to this inheritance pattern, Joan will know exactly which ancestor passed down her mtDNA even though she may not know that ancestor’s name. For example, Joan has 1,024 ancestors at ten generations (512 men and 512 women), but only one of those 512 women passed down her mtDNA to Joan.
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mtDNA is passed down the maternal line (in purple).



Knowing the inheritance pattern of mtDNA also gives genealogists the ability to trace this piece of DNA forward through a family tree. Joan is a great-grandmother and would like to know which of her descendants carry her mtDNA. Image D is Joan’s family tree, in which all the purple-labeled individuals carry Joan’s mtDNA. Of course, all four of Joan’s children—one son and three daughters—carry her mtDNA. At the grandchild level, four of Joan’s five grandchildren carry her mtDNA; her son did not pass it on to the next generation. At the great-grandchild level, only two of Joan’s five grandchildren carry her mtDNA, great-grandchildren 3 and 4.

Although Joan’s four male descendants in the chart who carry her mtDNA (the four purple square boxes) can take an mtDNA test, none of these males passed on this piece of DNA to the next generation. For mtDNA, a male is a dead end in the line, although they should never be overlooked as a possible testing source. Indeed, a male may be the last living person available to take an mtDNA test for a specific ancestor.
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Joan’s descendants who have her mtDNA are in purple; notice great-grandchildren 3 and 4 have Joan’s mtDNA, but 1, 2, and 5 don’t.
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If you’re having trouble finding a living descendant who has your ancestor’s mtDNA and is willing to take an mtDNA test, work back another generation to find a more distant cousin who can help. Here, Samuel has the same mtDNA as Joan even though he’s not one of her direct descendants.



Finding an mtDNA Descendant: Working Backward to Go Forward

To find a living descendant of an ancestor who can take an mtDNA test, a genealogist must trace the mtDNA line through the generations that separate the ancestor and the living descendants. Sometimes, however, an ancestor may have no descendants who carry her mtDNA, even if they have numerous descendants. For example, as shown in image E, Joan had four sons (all deceased), and thus there are no living descendants with Joan’s mtDNA and no one who the genealogist can ask to take that test. However, the genealogist may still find a relative who possesses the same mtDNA as Joan by going back a generation and working forward to determine whether there are any living mtDNA descendants. In this example, Samuel possesses the same mtDNA as his great-great-grandmother Anne and his great-grandaunt Joan. As a result, he can take the mtDNA test to be matched to those two ancestors.

If Samuel is unwilling or unable to take a DNA test, the genealogist will be forced to find another of Anne’s descendants or go back yet another generation to Anne’s mother’s descendants. Sometimes, you may have to go back generations before identifying a suitable mtDNA descendant. There is no limit to how many generations back a genealogist can go to find an mtDNA relative, although the difficulty of researching the maternal line can be a barrier, as the surname usually changes with every generation.

How the Test Works

There are two types of mtDNA tests (image F). The first is mtDNA sequencing, which is performed by sequencing all or a portion of the mtDNA genome. A sequenced section of DNA is a long series of just four different letters (A, C, G, and T) that stand for the four different nucleotides (adenine, cytosine, guanine, and thymine) that make up all DNA. All mtDNA, for example, is a sequence of 16,569 total base pairs represented by the four nucleotides—A, C, G, and T—that make up the base pairs. Low-resolution mtDNA tests sequence just the 1,143 or so base pairs of the HVR1 and HVR2 regions, while high-resolution mtDNA tests sequence every one of the 16,569 base pairs.

The second type of mtDNA test, called SNP testing, examines single nucleotide polymorphisms (SNPs) at hundreds or thousands of locations along the circular mtDNA. An SNP is a single nucleotide of DNA that can vary from one person to the next. For example, the nucleotide at position 15,833 of the mtDNA may be a cytosine (C) in one person or a thymine (T) in another person. People who are very closely related should have the same SNP at every location. The more distant the genealogical relationship between two people on the maternal line, the more differences there will be in the tested SNP locations.
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Genealogists have two types of mtDNA tests to chose from: mtDNA sequencing that looks at the whole mtDNA genome, and SNP testing that examines specific portions of mtDNA.”



Once the mtDNA is tested by one of these two methods, it is compared to a reference mtDNA sequence, and any differences between the test taker’s mtDNA and the reference mtDNA sequence are identified and listed. Researchers can use three different reference sequences to compare the test taker’s mtDNA:


	The Cambridge Reference Sequence (CRS) represents the first mtDNA sequence ever published. This first mtDNA sequence was derived from the placenta of a European female and was published in 1981. It was the only reference mtDNA sequence for several decades.

	The revised Cambridge Reference Sequence (rCRS) is an update to the CRS. In the nearly twenty years following the creation of the CRS, researchers discovered several errors, such as missing nucleotides, that were corrected in the rCRS.

	The Reconstructed Sapiens Reference Sequence (RSRS) is a recent effort to represent a single ancestral genome of all living humans. The RSRS was introduced in 2012, and scholars are still debating whether to stay with the rCRS or adopt the RSRS. Both sequences have merit and are used in some tests. At Family Tree DNA <www.familytreedna.com>, for example, the test taker’s mtDNA is compared to both the rCRS and the RSRS.



Any difference between the test taker’s mtDNA and the selected reference sequence is identified and listed as a mutation. Although the word can sometimes have a negative connotation, “mutations” to geneticists are simply changes. The change can involve one nucleotide switching to another, an extra nucleotide appearing, or a nucleotide disappearing, among others. Almost all of these changes are completely benign and harmless, although occasionally a mutation can affect the individual’s health, ability to function, or appearance.

The differences between the test taker’s mtDNA and a reference sequence, which are used to determine how closely related two people are on their maternal lines, can be reported in several different ways. For example, differences between the tested mtDNA and the rCRS are acknowledged in the following ways:


	When the mtDNA contains a different nucleotide than the reference sequence, the nucleotide difference is indicated with the site of the location and the abbreviated nucleotide, such as 538C for a cytosine that has replaced the reference nucleotide at position 538. Sometimes the result will provide the reference nucleotide that was replaced, such as A538C for a cytosine that replaced the adenine of the reference sequence at position 538.

	When the mtDNA lacks a nucleotide that is present in the reference sequence, the nucleotide difference is indicated by the position number and a - sign, such as 522- for a missing nucleotide at position 522 of the reference sequence.

	When the mtDNA has an extra nucleotide compared to reference sequence, the mutation is indicated by the position and a .1. For example, 315.1C indicates an extra cytosine located after the nucleotide at position 315 of the reference sequence.
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Once the testing company obtains the list of differences, it can use the information to learn about the test taker’s ancient ancestry and find maternal relatives, which we’ll look at in the next section.

Family Tree DNA is the primary mtDNA testing company, having tested the mtDNA of several hundred thousand customers. Family Tree DNA only sequences mtDNA, and although the company used to offer HVR1/HVR2 sequencing, the primary test available today is the full mtDNA sequence. After obtaining the sequencing results, Family Tree DNA compares the sequence to one of the reference sequences and provides the list of differences, or mutations, to the test taker. In image G, for example, the sequencing results have been compared to the rCRS, and a list of differences has been provided.
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Family Tree DNA provides a list of specific differences between the test taker’s mtDNA and the rCRS.
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The rCRS and the RSRS are not the same, so it’s important to note which template your DNA is being compared to.



Family Tree DNA also uses the RSRS as a reference sequence. Image H lists the differences between the RSRS and the same test taker from the rCRS example. This shows the importance of knowing which reference sequence a test taker’s mtDNA is being compared to.

23andMe <www.23andme.com> also tests mtDNA, although it uses SNP sequencing instead of HVR1/HVR2 or full mitochondrial genome sequencing. The current version of 23andMe examines approximately three thousand SNPs located all along mtDNA. 23andMe does not provide the list of differences between the test taker’s mtDNA and the reference sequence, although test takers can review or download their mtDNA information in order to compare it to a reference sequence themselves.

Living DNA <www.livingdna.com> also uses SNP sequencing to analyze the test taker’s mtDNA. Living DNA examines more than four thousand SNPs throughout the mtDNA and provides a haplogroup determination using those results. Like 23andMe, Living DNA users can download their mtDNA information to see a list of SNPs for which they are “positive” relative to the reference sequence, meaning positions that are mutated or changed as compared to the reference sequence.

Applying mtDNA Test Results in Genealogical Research

How can an mtDNA test help your research? An mtDNA test has several important uses for genealogists. For example, the results can be used to determine the ancient origins of the mtDNA and to determine whether or not two people are related on their maternal line. The results of the mtDNA test can also be used to very roughly estimate the length of time, since the two tested individuals shared a most recent common ancestor (or MRCA). In this section, we’ll discuss each of these uses in detail.

Determining an mtDNA Haplogroup

Regardless of the type of mtDNA test, results will reveal information about the location of your maternal line thousands of years ago. For example, knowing the origin of your mtDNA, such as whether your maternal line is European, Asian, or Native American, will often provide important clues about the maternal brick wall you’ve undoubtedly hit in your research.

The results of an mtDNA test are used to determine which haplogroup that mtDNA belongs to. An mtDNA haplogroup is a group of maternally related individuals who have a recent common ancestor on a particular branch of the mtDNA family tree, which is defined by a particular SNP mutation. (Genealogists can also have a Y-DNA haplogroup, which we discussed in chapter 5.) All members of an mtDNA haplogroup can trace their maternal line back to a single ancestor who lived in a specific location several thousand years ago. In most cases, scientists have a good idea of the general location where mtDNA haplogroup ancestors lived.


MITOCHONDRIAL EVE

If every human on earth could trace back his or her maternal line as far as possible, they all would merge on a single person, a woman called “Mitochondrial Eve” who is the mtDNA ancestor of all living humans. She is the most recent common ancestor of all humans on their maternal line. Indeed, all living humans likely have a much more recent atDNA common ancestor, probably on the order of just a few thousand years ago.
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Although we will never know Mitochondrial Eve’s real name, we know a few things about her:


	She probably lived about one to two hundred thousand years ago. The date is based on the variation—the mutations—found in the mtDNA of all of her descendants. Using current information about the mutation rate of mtDNA (approximately one mutation every thirty-five hundred years per nucleotide), it has taken approximately one hundred thousand or two hundred thousand years for all that variation to arise. This can considerably move Mitochondrial Eve’s estimated lifetime.

	She likely lived in East Africa, as the oldest branches of the mtDNA family tree are all found (and appear to have originated) in East Africa.

	She had at least two daughters, who each gave rise to different lines of the mtDNA family tree. This created a branch point in the mtDNA family tree, as hypothetical Mitochondrial Eve provided one daughter with one type of mtDNA, and a second daughter with a second type of mtDNA.



Although Mitochondrial Eve is named after the biblical Eve, she was not the only woman alive at that time and is not the only one of her contemporaries to have living descendants. It is likely that thousands of other women alive at that time have living descendants, but a final mtDNA descendant in each of these other lines failed to produce daughters at some point between then and today.

New mtDNA lines may be discovered that could further push back the date of Mitochondrial Eve. For example, if a new mtDNA were discovered that pre-dated Mitochondrial Eve based on the number of mutations in the sequence, the date of Mitochondrial Eve would have to be pushed back in time so she could also be the ancestor of the newly discovered line.
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Major groups of mtDNA haplogroups (called subclades) can be mapped in accordance with how they evolved from Mitochondrial Eve.



Haplogroups are named with letters and numbers, and individuals in the same haplogroup will have the same (or a very similar) list of mutations. For example, mtDNA haplogroup A2w is a subgroup within haplogroup A. The mtDNA haplogroup A2w is one of the five mtDNA haplogroups found in North and South American indigenous peoples (the others being B, C, D, and X). If someone were to reach a maternal brick wall and learn from an mtDNA test that they belonged in mtDNA haplogroup A2w, for example, that test taker would know to look for a Native American ancestor somewhere along the maternal line, ranging from very recently to long ago.

If all mtDNA sequences on earth were plotted onto a giant family tree, they would all trace back to Mitochondrial Eve (image I; see the Mitochondrial Eve sidebar). From Mitochondrial Eve forward, major branches of the family tree indicate new haplogroups and minor branches indicate subgroups, or subclades, of that new haplogroup. Each branch, whether major or minor, is defined by a particular SNP mutation. Although some SNP mutations are found in multiple branches, usually a branch contains a number of mutations such that an mtDNA sequence can be properly assigned to the correct haplogroup.


HETEROPLASMY

Some mitochondrial test results indicate that the test taker’s mtDNA is heteroplasmic, and this can create problems for researchers looking to mtDNA for proof of a relationship with someone else.

Heteroplasmy is the presence of more than one mtDNA sequence in a cell or organism. Because human cells have hundreds or thousands of mitochondria, some of the mtDNA in that cell can possess a mutation that the other mtDNA in that cell don’t possess. People or individual cells with two or more different mtDNA sequences are heteroplasmic, while people or individual cells with a single mtDNA sequence are homoplasmic.

When a heteroplasmic cell divides, the mtDNA will segregate randomly into the two progeny cells. Over time, a heteroplasmic cell can eventually give rise to a homoplasmic cell, though it can take many, many generations for this to happen.

Heteroplasmy can be detected by a commercial genetic genealogy test in the buccal (cheek) cells of the test taker, where the mtDNA is obtained for the test. However, a test taker’s heteroplasmy may or may not be found in her offspring due to the random segregation of the mitochondria. Additionally, a heteroplasmy that is present in the mother’s cheek cells may not be present in the egg that gave rise to the child, and vice versa. Accordingly, the child of a heteroplasmic parent may have mtDNA with one of three different outcomes:


	Heteroplasmic: Each egg cell (which develops into a child) has some mitochondria with the heteroplasmic mutation and some mitochondria without the mutation. When the child takes an mtDNA test, both versions of the mtDNA may be detected.

	Homoplasmic with the mutation: In this outcome, all the mitochondria in the egg that became the child had the mutation, or (if the child is in fact heteroplasmic) the buccal cells of the child only have a version of the mitochondria with the mutation.

	Homoplasmic without the mutation: Even though the parent’s buccal cells are heteroplasmic, the child inherited only mitochondria without the mutation. Alternatively, if the child is in fact heteroplasmic, the buccal cells of the child only have mitochondria without the mutation.



A heteroplasmy is written with the original value in the reference sequence, the location of heteroplasmy, and a symbol that indicates what nucleotides are found at that location. For example, a heteroplasmy of C or G at position 263 would be written as A263S. The table below contains the symbols used to represent various combinations of nucleotides for heteroplasmic results.

Heteroplasmy can affect mtDNA matching through Family Tree DNA. For example, if two individuals have identical mitochondrial genomes with the exception of a heteroplasmic mutation in one of them, they may show up as having a genetic distance of one. Thus, if Bill has mutation 16230A and John has mutation 16230W (indicating an A or T at this location), they are not shown as exact matches.

The most famous example of heteroplasmy is Tsar Nicholas II of Russia (1868–1918). Testing his skeletal remains revealed a heteroplasmy of C and T at position 16169. (If the results had been reported at Family Tree DNA, this heteroplasmy would be 16169Y.) The heteroplasmy originally confused researchers trying to prove the skeletal remains belonged to the Tsar, since the heteroplasmy was not found in the Tsar’s maternal relatives against which the sequence was compared. However, the same heteroplasmy was later identified in the remains of Grand Duke George Alexandrovich (1871–1899), brother of Tsar Nicholas II. The ratio of the heteroplasmic mutation differed in the two brothers, with the Tsar having mostly C/t and his brother George having mostly T/c. (The capitalized letter represents the predominant result for the tested base pair at position 16169, and the lowercase letter represents the minority result at that position.)
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Each haplogroup is associated with an approximate time and place in which the founder of that haplogroup arose. This information is based on mutation rates and modern-day distributions of the haplogroup, not on ancient samples of mtDNA, although ancient DNA is being used to further study and refine information about various haplogroups.

Mitochondrial haplogroup J, for example, is estimated to have arisen approximately forty-five thousand years ago in the Near East or Caucasus region of the world. In contrast, mitochondrial haplogroup T is a newer haplogroup that likely originated approximately seventeen thousand years ago in or around Mesopotamia.

Once test takers receive their haplogroup assignment, they can seek out more information about that haplogroup and ancient origins.

Finding mtDNA Cousins

Another popular use of mtDNA testing is to hunt for mtDNA cousins. At Family Tree DNA, for example, a test taker’s mtDNA is compared to all other mtDNA in the database, and the test taker will receive a list of anyone in the database who has identical or nearly identical mtDNA. These individuals are mtDNA cousins and are related to the test taker through the maternal line. Some may have identical mtDNA, while others might differ by one or two mutations. Generally, the fewer the differences between the two sequences, the more closely those two individuals are related.

For example, in image J, six test takers in the Family Tree DNA database have mtDNA similar to the test taker’s mtDNA. However, all of these individuals have a genetic distance of 1 or more, meaning the two mtDNA sequences are not identical; instead, they differ by one or more mutations. In this interface, it is not possible to directly compare your mtDNA with the matches’ mtDNA. However, for a genetic distance of 1, for example, either the test taker’s mtDNA has a mutation that the other individual’s mtDNA does not have, or it’s missing a mutation that the other does have. For example, your mtDNA may be identical to the genetic match’s mtDNA, except you have a T16362C mutation that the match does not have. Or perhaps the match has a G16319A mutation that you don’t have. Similarly, with a genetic distance of 2, there are a variety of possible explanations: You might have two mutations that the match does not have, the match may have two mutations that you don’t have, or you both may have one mutation that the other does not have.

However, it’s difficult to pinpoint how closely related two individuals with mtDNA matches are. Because mtDNA changes relatively slowly, individuals with identical mtDNA can be related either very recently or as much as several thousand years ago. For example, an exact HVR1 and HVR2 match has a 50-percent chance of being maternally related somewhere between zero and seventeen hundred years ago (although this, of course, means there’s a 50-percent chance the maternal relationship is greater than seventeen hundred years ago!). This is one reason why it is better to sequence the entire mtDNA genome rather than just the HVR1/HVR2 regions; an exact full sequence match has a 50-percent chance of being maternally related through a common ancestor who lived within the past 775 years or so.
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Any mtDNA matches whose DNA has few differences from yours will have a low genetic distance from you, meaning they’re likely more closely related to you than are matches with more differences/a higher genetic distance from you.
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To find the maternal ancestor shared with an mtDNA match, the test taker can review the match’s online family tree or contact the match and ask if he is interested in sharing information. If the match is willing to cooperate, the test taker can determine whether the two individuals share any names or locations on their maternal lines. Sometimes mtDNA matches will list a match’s most distant maternal ancestor, which the test taker might be able to use to reverse engineer his maternal line if he’s not interested in sharing information with others.

Analyzing Genealogical Questions

In addition to learning about the ancient origins of the maternal line and finding mtDNA relatives, you can use the results of an mtDNA test to help with specific genealogical tasks, such as adding support to known lines, analyzing family mysteries, and potentially breaking through brick walls. Traditional documentary research used with the results of mtDNA testing can be a powerful combination for genealogists.

Since mtDNA is inherited maternally, it is very good at determining whether two people are related through their maternal lines. Many genealogical applications of mtDNA, therefore, use mtDNA test results from two or more people to examine whether those test taker’s mtDNA ancestors could have been maternally related.

For example, it is possible to use mtDNA testing to determine whether you might be maternally related to an autosomal-DNA (atDNA) match. As we learned in chapter 4, an atDNA match can be found on any of your ancestral lines, and it is more difficult to identify the common ancestor shared with an atDNA match. If an atDNA match also shares your mtDNA, you can significantly narrow down which lines to search for a common ancestor.

As another example, adoptees sometimes use mtDNA testing to assist in their search for their biological family. Finding an exact mtDNA match can potentially point the adoptee toward the biological mother’s family, provided the match is closely related to the adoptee and has a well-researched family tree. However, given the relatively slow mutation rate of mtDNA and the amount of time to a most recent common ancestor, it will be relatively rare that an adoptee finds an mtDNA match that yields clues to their biological family.

It is important to remember both the benefits and limitations of mtDNA testing when applying the results to a genealogical question. For example, mtDNA testing can only determine whether two people are maternally related on their direct matrilineal line. Accordingly, an mtDNA test will likely not be the first choice when the genealogical question is whether two men born in the 1800s were brothers. Further, an mtDNA test can only reveal that two people are maternally related somehow, but it can’t determine the exact nature of the relationship. As a result, people with matching mtDNA might be sisters, mother/daughter, aunt/niece, first cousins, and so on, for many generations.

These limitations must be contrasted with some of the powerful benefits of mtDNA testing. Unlike atDNA, for example, mtDNA passes down to the next generation unchanged and therefore does not get diluted like atDNA. A test taker has 100 percent of the mtDNA of her mother’s mother’s mother’s mother (her great-great-grandmother), but just approximately 6.25 percent of her great-great-grandmother’s atDNA. Accordingly, even with its limitations, mtDNA can be a powerful tool for genealogists.


CORE CONCEPTS: MITOCHONDRIAL-DNA (MTDNA) TESTING

• mtDNA is a circular piece of DNA located within the mitochondria of the cell.

• Although both men and women inherit mtDNA from their mothers, only women pass down mtDNA to the next generation. As a result of this unique inheritance pattern, mtDNA is only used to examine a test taker’s maternal line.

• mtDNA testing is done by either sequencing portions of (or the whole) mtDNA or through SNP analysis of the mtDNA. Full sequencing of the mtDNA is the best test and provides the most information.

• The results of any mtDNA test can be used to determine the haplogroup, or ancient origins, of the maternal line back thousands of years.

• The results of an mtDNA sequencing test can be used to fish for genetic cousins. However, since mtDNA mutates so slowly, it is not as useful for finding random genetic cousins in a testing company’s database. An exact mtDNA match may be very closely related, or may be maternally related hundreds of years ago.

• Results from an mtDNA test can be useful for examining specific genealogical questions, such as whether or not two people are maternally related.




DNA in Action

Are They Sisters?

Say a genealogist has identified three historical women (Mary, Jane, and Prudence) who are potential sisters based on paper-trail evidence. To determine whether the women might have in fact been sisters, the genealogist has traced descendants of Mary, Jane, and Prudence and asked them to take an mtDNA test. All three descendants agreed, and the genealogist is now reviewing the results. Note that any or all of the three descendants could be either men or women, but the line from the three women to their living descendant has to be an unbroken maternal line of mother to daughter.

The (simplified) results in the table show that Mary and Prudence’s mtDNA descendants have identical mtDNA but Jane’s mtDNA descendant has a genetic distance of 3—that is, there are three differences between the mtDNA of Jane’s descendant and the other mtDNA results. As the results show, Jane’s descendant is missing two mutations found in the other test takers, and has one additional mutation not found in the other two test takers. Since so few generations have passed between the three women and each respective mtDNA descendant, it is unlikely that there was enough time for a genetic distance of 3 to arise.
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Do the mtDNA test results alone prove that Mary and Prudence were sisters? Unfortunately, the results only establish that they could have been sisters. They also could have been mother/daughter, aunt/niece, maternal cousins, or a variety of other maternal relationships. Indeed, they could even be very distant maternal cousins. The DNA evidence will have to be combined with the traditional documentary evidence in order to create a strong argument that Mary and Prudence were sisters.

Similarly, the results do not definitively prove that Jane could not have been a sister of Mary and Prudence, either. It is possible, although unlikely, that there could have been a misattributed parentage event in the line between Jane and her descendant. For example, there might have been an undocumented adoption in that line. Additionally, it is possible that the mtDNA line between Jane and her descendant could have accumulated the three observed changes. In other words, that line could have both randomly acquired the 16129G and 16223C mutations and added the 16311T mutation, though this is statistically improbable. Additionally, the genealogist may have erred and mistakenly identified an individual for testing who is not an actual descendant of Jane.




DNA in Action

Is This the King? Part II

As we discussed in the previous chapter, skeletal remains thought to be of King Richard III were found in 2012 under a parking lot in Leicester, England. The thirty-two-year-old king was killed in the Battle of Bosworth Field and buried within the Greyfriars Friary Church in Leicester, England. However, the location of Richard’s grave was ultimately lost through the passage of time.

To determine whether the skeleton was in fact Richard III’s remains, researchers wanted to compare mtDNA obtained from the skeleton to mtDNA obtained from Richard’s maternal relatives. Genealogists traced descendants of Richard’s sister, Anne of York, through seventeen and nineteen generations to identify two living descendants, Michael Ibsen and Wendy Duldig, who took mtDNA tests. The results of Ibsen’s and Duldig’s full-sequence mtDNA test showed that they have almost identical mtDNA, differing by only a single mutation even though their mtDNA lines diverged nearly five hundred years ago. Their haplogroup is the relatively rare J1c2c.

When the results of the skeleton’s full mtDNA sequencing were compared to the Ibsen/Duldig results, they were identical with the exception of the single mutation found in Duldig’s mtDNA. Together with the other evidence, the researchers definitively concluded that the remains were those of King Richard III. The site of the exhumation is now the King Richard III Visitor Centre where visitors can see the gravesite under glass.

For more about King Richard’s DNA testing, see Turi E. King et al., “Identification of the Remains of King Richard III”, originally published in Nature Communications <www.nature.com/ncomms/2014/141202/ncomms6631/full/ncomms6631.html>.
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7
X-Chromosomal (X-DNA) Testing

What does it mean to share X-chromosomal DNA (X-DNA) with a match? One of the most powerful advantages of Y-chromosomal DNA (Y-DNA) and mitochondrial DNA (mtDNA) is that you always know exactly what ancestor in the family tree provided that piece of DNA. In contrast, with autosomal DNA (atDNA), any of your ancestors could have provided a segment of DNA. X-DNA falls between these two extremes; while there are many ancestors who could have contributed to your X-DNA, they make up only a small subset of your entire genealogical family tree. Thus, sharing X-DNA with a match means you only have to search that subset of your tree for the common ancestor. In this chapter, we’ll learn about X-DNA and how it can be utilized to explore common ancestry with your genetic matches.

The X Chromosome

The X chromosome (image A) is one of the twenty-three pairs of chromosomes found in the nucleus of the cell, and is one of the two sex chromosomes, the other being the Y chromosome (which, as you’ll recall, is found only in males). Unlike Y-DNA, both men and women have X-DNA. Women have two X chromosomes, one inherited unchanged from their father and one inherited from their mother. Men have just one X chromosome that they inherited from their mother.
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The X chromosome, together with the Y chromosome, makes up the sex chromosomes, which can provide valuable information for genealogists. Note that only one copy of each of autosomal chromosome is shown above; in reality, each person has two copies of each of the twenty-two autosomes. Courtesy Darryl Leja, National Human Genome Research Institute.



The X chromosome is a relatively large chromosome of approximately 150 million base pairs, and contains about two thousand of the estimated twenty to twenty-five thousand genes found throughout the entire human genome.

The Unique Inheritance of X-DNA

Like both mtDNA and Y-DNA, X-DNA has a unique inheritance pattern that makes it valuable for genetic genealogy testing. A mother always passes down an entire X chromosome to each of her children, male or female. In contrast, a father will only pass down his X chromosome to his female children. As a result, since a son doesn’t receive any X-DNA from his father, a father and son always break the transmission of X-DNA in a family tree.
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Like mtDNA and Y-DNA, X-DNA has a unique inheritance pattern that can help test takers identify from which ancestors they received genetic information. Women receive X-DNA from both their maternal and paternal lines. Possible X-DNA ancestors are in blue (for male ancestors) and pink (for female ancestors).



A woman has two X chromosomes: one full copy she received from her mother and one full copy she received from her father. If a woman has children, she will pass down a full X chromosome, although this inheritance can result in a few different scenarios based on random events during an egg cell’s creation. Sometimes a mother will pass down a full X chromosome to her child completely unchanged from the copy she received from either her mother or her father. In this scenario, the child will share X-DNA with only one maternal grandparent. Most often (approximately 86 percent of the time, according to at least one study of recombination by the author), the mother will jumble or recombine her two copies of the X chromosome, and the copy she passes down to her son or daughter will be a mixture of the two. In this scenario, the child will share at least some X-DNA with both maternal grandparents.

A father, however, always passes down the X chromosome to a daughter without recombination. Although the tips of the Y chromosome and the X chromosome will sometimes recombine, these regions of the Y chromosome are not utilized for genetic matching. Accordingly, the daughter should share X-DNA only with the paternal grandmother.
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Unlike women, men can only receive X-DNA from their maternal lines, as men inherit their single X chromosome from their mothers. Possible X-DNA ancestors are in blue (for male ancestors) and pink (for female ancestors).



Image B shows the possible sources of X-DNA within a family tree for a woman. This tree traces back the possible path of a female X-DNA through seven generations, or to fifth great-grandparents. At that generation, an individual has 128 ancestors (or fewer, if there are recent cousin marriages). Of those 128 ancestors, a woman will have thirty-four potential contributors (thirteen males and twenty-one females) to her two X chromosomes. Since this is a chart for a woman who inherited X-DNA from her mother and father, there are possible sources of X-DNA on both sides of her family tree: The male possible sources of X-DNA are highlighted in blue, and the female possible sources of X-DNA are highlighted in pink.

Note that although this chart shows the possible sources of X-DNA within a family tree for a woman, the actual sources of the woman’s X-DNA will be a small subset of the highlighted cells. For example, if the woman inherited her maternal grandfather’s X chromosome from her mother, none of her maternal grandmother’s family provided X-DNA.

Image C shows the possible sources of X-DNA within a family tree for a man. The male possible sources of X-DNA are highlighted in blue, and the female possible sources of X-DNA are highlighted in pink. Since a man can only inherit his X chromosome from his mother, only his mother’s ancestors could have provided X-DNA. For example, of the 128 ancestors at the seventh generation, only twenty-one of them (eight males and thirteen females) can potentially provide X-DNA to the man. As with the previous chart, the actual sources of the man’s X-DNA will be a small subset of the highlighted cells.
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Recombination (in addition to X-DNA inheritance patterns) can drastically affect which X-DNA is inherited through generations. Solid colors represent X-DNA that has not been recombined and so was passed down to the next generation unchanged. Note that males have only one X chromosome while females have two X’s.



As with any isolated autosomal chromosome, the fact that a woman can pass down the X chromosome with or without recombination means that X-DNA sharing with the previous generations can take many different forms. Image D demonstrates X-DNA inheritance through three generations of a family in which the X chromosome either did or did not recombine before it was passed down to the next generation.

Following the X-DNA through this chart to the four grandchildren raises several interesting observations regarding X-DNA inheritance:


	The paternal grandfather, David, has no daughters in this chart, and thus his X-DNA (indicated in blue) did not pass down to anyone else in this three-generation tree.

	The maternal grandfather, Nathan, has just a single copy of the X chromosome, and thus he passed down that single copy (indicated in red) completely unchanged to his daughter, Susan.

	The paternal grandmother, Justine, passed down one copy of her X chromosomes without recombination (indicated in green). Benji, therefore, received a full chromosome from either his maternal grandfather or his maternal grandmother (i.e., from one of Justine’s parents).

	The maternal grandmother, Cara, recombined her two copies of the X chromosome when she passed a copy down to her daughter, Susan. Susan, therefore, has X-DNA from three of her four grandparents (Nathan’s mother and Cara’s two parents).

	Benji has just a single X chromosome, and thus he passed down that single copy completely unchanged to his two daughters, Ann and Donna.

	Siblings Philip and Ann each received an X chromosome from their mother without recombination, while siblings Rich and Donna each received a recombined X chromosome from their mother.

	Siblings Ann and Donna share a full X chromosome in common. This will always be the case for (paternal, half and full) sisters since they always receive the same X chromosome from their father.

	Philip shares X-DNA with Rich (the blue and purple in the “bottom half” of the chromosome) and Donna (the blue at the top), but none with Ann. It is not uncommon for siblings (who aren’t paternal sisters) to share no X-DNA in common.



How the Test Works

Currently, X-DNA is tested as part of an atDNA test, not as its own test. The test includes between approximately seventeen thousand to twenty thousand single nucleotide polymorphisms (SNPs) on the X chromosome, which will be included in the raw data.

Testing companies each treat X-DNA a little differently. Although AncestryDNA <www.ancestry.com/dna> tests the X chromosome, it does not use X-DNA when comparing individuals to the database. As a result X-DNA sharing is not reported, and you will not have any matches at AncestryDNA that only share X-DNA.

At 23andMe <www.23andme.com>, the test taker’s X-DNA is compared to that of other people in the database, meaning that matches at 23andMe can only share X-DNA. Due to the fact that men have one X chromosome and women have two X chromosomes, the thresholds at 23andMe for comparing men and women will vary. The thresholds for X-DNA can be found in the following table.
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In the table, “Half-IBD,” or “half identical by descent,” for X-DNA comparisons means that two women share DNA on just one copy of their X chromosomes. Likewise, “Full-IBD,” or “full(y) identical by descent,” means that the two women share DNA at the same location on both copies of their X chromosomes. The matching threshold for Full-IBD is significantly lower than for Half-IBD. Since only females have two X chromosomes, only females can have half-IBD or full-IBD segments.

At Family Tree DNA <www.familytreedna.com>, X-DNA matching is reported only if the matches also share atDNA above the matching threshold. Accordingly, you will not have matches at Family Tree DNA that only share X-DNA. As shown in the following table, the matching threshold for X-DNA is significantly lower than the matching threshold for atDNA.
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Both Family Tree DNA and 23andMe will show X-DNA matching in their respective chromosome browsers. Image E is a screenshot of the Family Tree DNA chromosome browser that compares the X chromosome of a woman to those of three of her siblings: a sister (orange), a brother (blue), and another brother (green). As the viewer reports, the test taker shares variable amounts of her X-DNA with each of her siblings.

As of this book’s publication, MyHeritage <www.myheritage.com> does not provide X-DNA matching. However, in the summer of 2018, MyHeritage indicated it would be adding the X chromosome to matching and the chromosome browser in the future.
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Family Tree DNA has a chromosome browser tool that compares the test taker’s X-DNA with that of other test taker’s. In this case, the tool highlights the X-DNA that the test takers shared with three other test taker’s: her sister (orange), her brother (blue), and another brother (green).



Limitations of X-DNA Testing and Matching

Genetic genealogists have found that X-DNA matching can be problematic for several reasons.

For example, due to its inheritance pattern, and similar to atDNA, X-DNA usually does not identify exact genetic relationships between two people. Image F demonstrates an example of this limitation of X-DNA. The chromosome browser at the bottom compares the X chromosome of a great-grandmother, Alberta, to that of her two male great-grandchildren, Donald and Damian (orange and blue, respectively). Alberta passed down an X chromosome to her son, Bert, and he passed it down—unchanged—to his daughter, Catherine. Catherine then passed down an X chromosome to each of her sons, Donald and Damian. Due to the randomness of recombination, Donald and Damian could have received some, all, or none of Alberta’s X-DNA.

The chromosome browser can shed some light on this, as it indicates both Donald and Damian received some of Alberta’s X-DNA, with one (in blue) receiving significantly more than the other (in orange). Note that because Donald and Damian could have only inherited X-DNA from the maternal grandfather (Bert) or the maternal grandmother (Catherine’s mother), the regions they don’t share in this chromosome browser view should match X-DNA from their maternal grandmother.

As a result of recombination and random inheritance, X-DNA alone cannot identify the particular relationship between Alberta and Donald or between Alberta and Damian. They clearly share X-DNA and thus must have a common ancestor on an overlapping X-DNA line, but the exact relationship is unclear.
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The chromosome browser displays the segments of Alberta’s X-DNA that are shared with the X-DNA of her two great-grandsons, Donald (orange) and Damian (blue).



In addition, the density of the SNPs tested on the X chromosome appears to be lower than on comparable chromosomes. The X chromosome is a relatively large chromosome of approximately 150 million base pairs, comparable to chromosome 7 (159 million base pairs). However, the number of chromosome-7 SNPs tested by the testing companies is nearly double the number of SNPs tested on the X chromosome. As a result, a segment of X-DNA may have relatively few tested SNPs.

With a lower SNP density, there is a greater chance for a segment of DNA to appear like it is a shared segment when in fact it is not a true matching segment. For example, image G compares a small portion of the X-DNA of two males. If the highlighted SNPs were the only SNPs tested, the two strands of X-DNA would appear to match. However, if the SNP density were increased, the results would show that this is not a matching segment. Note this potential hazard is more likely to affect smaller segments of DNA samples, as larger segments will have many more SNPs tested and this will likely not happen.
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In this example, all the SNPs that an X-DNA test sampled (highlighted in yellow) happened to match. As a result, the X-DNA test would report these two individuals’ strands of DNA as matches even though they contain several nonmatching SNPs.



Due to the current limitations of X-DNA, test takers should only analyze sufficiently long X-DNA segments. A commonly recommended threshold, for example, is 10 cM, although some genetic genealogists set even higher thresholds at 15 or 20 cM. While X-DNA matches absolutely share smaller segments, a genetic genealogist analyzing these small segments does not have enough information to decipher between a true match and a false positive match.

Another limitation of X-DNA matching is the low thresholds used to compare two people’s X-DNA. For example, both 23andMe and Family Tree DNA use X-DNA thresholds that are lower than the thresholds for atDNA. At 23andMe, for example, the threshold for comparing the X-DNA of two males is just 1 cM and two hundred SNPs. At Family Tree DNA, the threshold for comparing the X-DNA of any two individuals is just 1 cM and five hundred SNPs. Many genetic genealogists have found this low threshold leads to X-DNA matching that does not appear to be true matching.

Applying X-DNA Test Results in Genealogical Research

Despite its limitations, X-DNA matching can be very useful for genealogy, especially when combined with other types of DNA. For example, sharing both X-DNA and atDNA with a cousin suggests which lines of the genealogical family tree to look for a common ancestor.

However, sharing X-DNA and atDNA with a match suggests—but does not prove—that the atDNA common ancestor is also an X-DNA ancestor. This rule seems counterintuitive at first. After all, if I share both X-DNA and atDNA with a match, doesn’t that mean our common ancestor is on one of the X-DNA lines based on the charts we saw earlier in the chapter? Unfortunately, DNA is never that easy! Instead, even though we share atDNA and X-DNA with a genetic match, those segments of DNA could have come from different ancestors. Often, the matching atDNA and X-DNA will come from the same common ancestor. However, the genetic matches will share at least two different common ancestors on different lines just as often, with one line providing the matching atDNA and the other line providing the matching X-DNA (image H).
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While genetic genealogists might assume they inherited their atDNA and X-DNA from the same ancestor, there are several scenarios (such as the one above) in which they have separate atDNA and X-DNA sources.



In addition to multiple ancestors, a genetic match might only share a very small segment of X-DNA that turns out to be a false segment. In this scenario, the genetic matches may spend a considerable amount of time looking for a common X-DNA ancestor who doesn’t exist. Deciphering between these possibilities will require an in-depth analysis of both test taker’s family trees, and careful consideration of the size of the X-DNA segments involved.

In addition to the fact that an X-DNA match does not guarantee an atDNA match, genealogists should bear in mind that a lack of X-DNA sharing is almost never informative about a particular relationship. Failing to share X-DNA with another person is rarely evidence of the existence or non-existence of a relationship. There are only a few exceptions when two people must share X-DNA: a mother and her children (both male and female), a father and his daughters (who will be full matches with the paternal grandmother), and sisters who have the same father.

Other than these relationships, it is possible that two people who are either closely or distantly related may or may not share X-DNA. For example, while sisters who have the same father will always share a full chromosome, siblings who don’t share a father may not share X-DNA. Similarly, although rare, even a full brother and sister (or full brothers) may not share X-DNA if they each inherited a different copy of the X chromosome from their mother. Of course, not sharing X-DNA does not mean that siblings are not related like they thought they were. Instead, they may have received entirely different X-DNA from their mother.
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The results from an X-DNA test, such as these for Julia and April, can (and should) be used in conjunction with other pieces of genealogical information.
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Combine atDNA results, such as these for Julia and April, with traditional family trees and the results of an X-DNA test to draw conclusions about the test takers’ relationships to each other and to a common ancestor. (Note: Gray indicates areas not covered by the test.)
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Carol and Jason share the X-DNA highlighted in orange on the chromosome browser. Based on the large amounts of shared X-DNA, they can safely assume they both inherited their X-DNA from their grandmother, Darcy. Carol and Jason can find more of Darcy’s relatives and work backwards to find her ancestors by finding individuals with similar X-DNA to theirs.



Keeping in mind the limitations and rules outlined in this section, genealogists can analyze an X-DNA match to find the common ancestor or ancestors. X-DNA testing (and analyzing X-DNA and atDNA results with X-DNA inheritance rules in mind) can help shed light on who two individuals’ common ancestor might be.

Let’s walk through an example in action. In image I, two people share a segment of DNA on the X chromosome (indicated in orange) of approximately 25.28 cM. Based on the results of an atDNA test (image J), the two individuals also share several segments of atDNA, including segments on chromosome 10 (10 cM), chromosome 12 (36.94 cM), and chromosome 16 (16.26 cM). Family Tree DNA predicts these two, Julia and April, to be second to fourth cousins. And when Julia and April compare family trees, they discover a potential ancestor in common (a man named Hiram Alden) who would make them fourth cousins. Hiram Alden is an ancestor of Julia’s paternal grandfather and an ancestor of April’s maternal grandmother.

So is Hiram Alden the common ancestor? X-DNA inheritance patterns tell us no. As shown in the X-DNA inheritance charts earlier in this chapter, Julia could not inherit any X-DNA from her paternal grandfather. Accordingly, while Julia and April may have inherited some segments from Hiram, he cannot be the source of that shared X-DNA. Julia and April must share another ancestor somewhere along their X-DNA lines.

In the next example, shown in image K, Darcy was adopted, and her descendants have no clues about her biological heritage. Darcy and her children are deceased, but two of her grandchildren—Carol and Jason—are living and have both taken an atDNA test that includes X-DNA. When they compare their test results, they see that they share three large segments on the X chromosome (21.65 cM, 26.83 cM, and 18.57 cM). Carol and Jason are curious about where this X-DNA came from and how they can use it to learn about their grandmother’s ancestry.

While X-DNA can’t provide any definitive answers in this case, it can give Carol and Jason some new avenues of research. The large amounts of shared DNA (indicated in orange) suggest the two share a recent common X-DNA ancestor, and based on this info and their family tree, Carol and Jason likely obtained their shared X-DNA from their grandmother. Carol and Jason could now look for other people who share these segments of X-DNA to find Darcy’s other relatives.


CORE CONCEPTS: X-CHROMOSOMAL (X-DNA) TESTING

• The X chromosome is one of the two sex chromosomes, of which men have one copy (from their mother) and women have two copies (one from their mother and one from their father).

• X-DNA is inherited from a small subset of ancestors, meaning that the possible pool of ancestors with whom a test taker shares an X-DNA cousin is smaller than the pool for the other chromosomes.

• X-DNA testing is typically done by SNP testing and only as part of an atDNA test (rather than as a standalone test).

• The results of an X-DNA test can be used to fish for genetic cousins.

• Due to the low SNP density of current X-DNA tests, as well as the low thresholds utilized by the companies, X-DNA matches must be very carefully scrutinized, and only large X-DNA matching should be pursued.

• Sharing X-DNA and atDNA with a match suggests that the atDNA common ancestor is an X-DNA ancestor, but it is also possible that the atDNA and the X-DNA came from different ancestors.

• Lack of shared X-DNA is rarely informative about a particular relationship, since there are only a few relationships in which relatives must share X-DNA.




DNA in Action

Using X-DNA to Identify Grandparents

Victoria Jones took an atDNA test at Family Tree DNA, and discovered that she shared 110 cM with a Wilma Grisham. When Victoria and Wilma compared their trees, they discovered they likely shared common ancestors Hiram and Helen (Johnson) Rinaldi.
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Victoria believed she was the great-grandchild of John and Mary (Rinaldi) Barton, based on both documentary research and DNA matches. But she wasn’t sure which of their children (Christopher or Sarah) was her grandparent. Both scenarios fit into the documents and DNA matches she’d gathered at this early stage in her research.

When Victoria used the chromosome browser at Family Tree DNA to compare her DNA to Wilma’s DNA, she discovered that they shared DNA on several different chromosomes, including the X chromosome, where they shared two segments for a total of 47.04 cM.

Could this help Victoria determine which Barton is likely her grandparent? To examine the mystery, Victoria followed the possible path of their shared X-DNA. Mary Rinaldi and her sister, Mae, shared at least a full X chromosome that they received from their father, Hiram (and likely some X-DNA from their mother, as well). Mary passed down an X chromosome (either the X chromosome from her father, the X chromosome from her mother, or a mixture of the two) to each of her children. Similarly, Mae passed down an X chromosome to her son, Thomas Grisham. So it is very likely—but not guaranteed—that Christopher and Sarah Barton would have each shared X-DNA with Thomas, their first cousin. And since Thomas passed down all of his X-DNA to his daughter, Wilma, she would share that same X-DNA with Christopher and/or Sarah.

But the next generation may help shed light on the mystery. If Christopher Barton were the father of Joseph Jones, he could not have passed down any X-DNA to his son since sons don’t receive X-DNA from their fathers. The Christopher-Joseph inheritance would have ended the Rinaldi/Johnson X-DNA line. But if Sarah Barton is the mother of Joseph Jones, she would have passed down an entire X chromosome—and that could have contained the matching segments. Indeed, we already knew that the full X chromosome Victoria received from her father had to come from his (Joseph’s) mother.

This supported the hypothesis that Sarah Barton was Joseph Jones’ mother, and thus Victoria’s grandmother. Victoria has much more research to conduct, but she is well on her way thanks to X-DNA analysis!




PART THREE
Analyzing and Applying Test Results


8
Third-Party Autosomal-DNA Tools

You’ve tested with one or more of the testing companies, you’ve reviewed your ethnicity estimate, and you’ve gone through your match list. Now what should you do? How do you maximize your testing dollars to wring every piece of useful information out of your DNA test(s)? Third-party tools—both free and for a fee—provide new tools and avenues of research for genealogists. In this chapter, we’ll look at some of the most popular third-party tools available to analyze autosomal DNA (atDNA).

What are Third-Party Tools?

Each of the major testing companies offers tools that the test taker can utilize. However, programmers and genealogists have created third-party DNA tools and applications that are independent of the testing companies and offer additional capabilities and analyses. Several of these third-party tools offer the ability to compare raw data from one company (i.e., the test taker’s DNA sequence) to raw data from another company (provided that both people have uploaded their raw data to the same third-party tools), in addition to other possible analyses. Three of the most commonly utilized tools are DNA Painter <www.dnapainter.com>, GEDmatch <www.gedmatch.com>, and DNAGedcom <www.dnagedcom.com>. This section explores the use of these third-party DNA tools.

DNA Painter

DNA Painter is a tool used to perform chromosome mapping. Chromosome mapping is a process in which a test taker determines which pieces of DNA he inherited from which ancestors. When you share a segment of DNA with a known cousin that shares an identified ancestor, you can tentatively assign that segment of DNA to that shared ancestor. In image A, Aleksandra and Sergey are second cousins, sharing ancestors Dmitry and Anastasia Jovanović in common. If Dmitry and Anastasia are the only recent ancestors that Aleksandra and Sergey share in common, then the piece(s) of DNA that Aleksandra and Sergey share can be assigned to those ancestors.

DNA Painter was created in 2017 by Jonny Perl, a genealogist based in London. The site has both a free membership and a paid subscription version. A free membership provides a single chromosome map, while a paid subscription allows for up to fifty chromosome maps and several additional advanced options for subscribers. Since chromosome mapping at DNA Painter requires only segment information (rather than the actual raw data from the testing company), there are relatively few privacy concerns with the tool.
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Aleksandra and Sergey can reasonably guess that any shared DNA between them can be traced to their shared ancestors, Dmitry and Anastasia.




RESEARCH TIP:

Mind Your Privacy

Although the third-party sites discussed in this chapter have policies that respect and protect the user’s privacy, no company, service, or website (including the testing companies) can guarantee absolute privacy. Accordingly, raw data or other test results should only be uploaded to or accessed by a third-party site if the owner of the raw data or test results has provided explicit permission. Note that this also includes a person who provided the DNA sample to a third-party service but is not considered the owner of the raw data or test results.



Chromosome mapping at DNA Painter is a manual process and requires user-provided segment data. As discussed in chapter 4, segment data is information about the piece or pieces of DNA that two people share and includes the chromosome number, the start location on the chromosome, the end location on the chromosome, the size of the segment in cM, and (optionally) the number of matching SNPs in the segment:
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DNA Painter accepts segment data from 23andMe <www.23andme.com>, Family Tree DNA <www.familytreedna.com>, GEDmatch, Living DNA <www.livingdna.com>, and MyHeritage <www.myheritage.com/dna>. AncestryDNA <www.ancestry.com/dna> does not provide segment data, so it isn’t possible to map segments shared with a match at Ancestry unless both you and the match have tested at and/or transferred to another database.

After creating an account at DNA Painter, you must provide segment data to begin the process. Generally, chromosome mapping (with or without DNA Painter) is achieved using the following steps:


	Identify a known cousin: Find a relative at one of the testing companies with whom you have a researched common ancestor. This can be a cousin that you asked to test or a random genetic match with whom you’ve identified the genealogical connection. Select cousins more distant than first cousins, as those closer relationships are more difficult to map because they share too many common ancestors with you. The best cousins to map are those who share a lot of DNA on a single line (i.e., a single set of common ancestors), such as half-first cousins, second cousins, and third cousins.

	Identify shared segment(s): Using a chromosome browser, identify the one or more segments of DNA that you share with the known cousin you are mapping. See chapter 4 for information about identifying segment data and using the chromosome browser at individual testing companies (and later in this chapter for how to identify segment data at GEDmatch.) Copy or download the shared segment information.

	Map the shared segment(s): Now that you have the shared segment information, provide that information to the chromosome mapping platform and tie them to both the known cousin and the identified common ancestors. DNA Painter is one of the easiest chromosome mapping platforms available for this purpose, although some genealogists use spreadsheets and other tools for chromosome mapping.
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DNA Painter gives you a detailed breakdown of where different segments of your DNA come from. The top copy of each pair represents the paternal copy, and the bottom represents the maternal copy. Mapped segments are shown in color.



There are many benefits to chromosome mapping. Among others discussed later, mapping allows you to travel through both space and time as you follow individual segments through your family tree. A piece of DNA you carry on chromosome 1 may have come to you through a series of ancestors back to your great-great-great-grandfather. And once you’ve mapped it, you can track every step that DNA took to get from his DNA to your DNA! Perhaps he is the ancestor from whom you inherited that gene for blue eyes.

Chromosome mapping also allows you to formulate, support, or reject hypotheses about relationships with genetic cousins you are researching. For example, if you have a segment of DNA mapped to a specific ancestor and a new match shares that segment of DNA with you, the new match is likely related to you through those specific ancestors (assuming that you’ve assigned that segment of DNA correctly!). That new match might be another descendant of your shared ancestor.

Image B shows a portion of a chromosome map profile at DNA Painter. The map is made up of twenty-three pairs of chromosomes (the top copy of each pair being paternal, and the bottom copy of each pair being maternal). Mapped segments are shown as colored blocks. The key shows which colors correspond to which ancestor. For example, the yellow segments were inherited from the individual’s ancestors Simon and Michelle (Zehr) Werner; many of these segments have been identified. The red box at the top of the image shows that the individual has mapped 223 segments, which make up about 50 percent of their full genome.
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Once the test taker’s chromosome has been mapped using known genetic matches, DNA Painter can identify segments of DNA that are shared with other, as-of-yet unknown matches. This opens up new research opportunities for test takers.



Now that the person has so much of their genome mapped using genetic matches sharing known ancestry, they can use that valuable information to explore sharing with matches that have unknown shared ancestry. For example, image C is an expanded view of chromosome 9 in DNA Painter. The mapper has assigned three segments of DNA on chromosome 9:


	a paternal segment (in pink) that he shares with Mary Miller and has assigned to shared ancestors Victor and Clara (Underhill) Williams;

	a maternal segment (in yellow) that he shares with Nancy Lane and has assigned to shared ancestors Simon and Michelle (Zehr) Werner;

	another maternal segment (in green) that he shares with Wayne Blanchard and has assigned to shared ancestors Johann and Eliza (Smith) Friedrich.



The mapper has then identified a new match at a testing company who shares a segment of DNA on chromosome 9, and that new segment aligns roughly in the location on the chromosome shown by the red box. This suggests that as long as the chromosome map is correct, the new match is related to the mapper via either Victor and Clara (Underhill) Williams (if it is a paternal match) or Simon and Michelle (Zehr) Werner (if it is a maternal match). Since these are the only ancestors the mapper inherited DNA from at this location, the new match must be related through one of those ancestors—if the map is correct, which is always something to consider). The mapper could potentially use shared matching to determine, for example, that the new match shares Mary Miller in common, which suggests that the new match is a paternal match and thus is related through Victor and Clara (Underhill) Williams. This method is a powerful hypothesis generator!
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DNA Painter has developed an interactive version of the Shared cM Project, allowing users to type in the amount of shared DNA to generate an estimated likely relationship.



Other DNA Painter Tools

In addition to chromosome mapping, DNA Painter offers several tools for autosomal DNA analysis. For example, DNA Painter has an interactive version of the Shared cM Project (discussed in chapter 4), a crowd-sourced collection of shared DNA amounts for various relationships. Under the Tools tab, you’ll find a link to the interactive Shared cM Project, where you can enter an amount of shared DNA and see which relationships that amount of DNA could Indicate. The tool also provides probabilities for various relationships based on the amount of shared DNA. These probabilities are provided by Leah Larkin <www.thednageek.com> as extracted and analyzed from FIG. 5.2 of the March 2016 version of AncestryDNA’s Matching White Paper <www.ancestry.com/dna/resource/whitePaper/AncestryDNA-Matching-White-Paper>.

In image D, the test taker has a match who shares 250 cM with them, so she enters 250 into the empty field and receives both the probabilities and a graph showing which relationships 250 cM might fit into. For example, there is approximately a 62-percent probability of relationships such as a 2C (second cousin), Half 1C1R (half-first cousin, once removed), or 1C2R (first cousin, twice removed), and approximately a 26-percent probability of relationships such as a Half 1C or Great-great-aunt/uncle/niece/nephew, among others. These various relationships are also shown in the interactive diagram.

As always, these shared cM amounts and probabilities are only a single piece of evidence and do not prove or establish a genealogical relationship without significant additional evidence. Additionally, relationships where there is endogamy, pedigree collapse, or multiple known relationships can throw off the shared amounts and probabilities.

DNA Painter also offers a tool called What Are The Odds? or WATO for short <www.dnapainter.com/tools/probability>. WATO allows users to build a tree in the user interface that they can use to test various hypotheses using shared DNA and the probabilities discussed in the previous tool. For example, a user may know that a new match is related to several people within a single family, but may not know exactly how the new match fits. WATO allows them to put the new match in two or more positions within a tree and ranks the likelihood or probability of that relationship being accurate. The tool can therefore suggest (but does not prove!) which of those possible relationships is most likely. This can be very helpful for adoptees, those with misattributed parentage, and other scenarios in which a person’s family is unknown.

This is just a brief introduction to one of the most user-friendly third-party DNA tools available to genealogists. I highly recommend taking advantage of this tool to map your chromosomes and formulate hypotheses with new matches!

GEDmatch

One of the most popular third-party tools is GEDmatch. GEDmatch was created by Curtis Rogers and John Olson using donations and their own time. In October 2015, GEDmatch reported that it “has over 130,000 registered users, over 200,000 samples in its DNA database, and over 75 million individuals in its genealogical database” <www.genomeweb.com/informatics/consumer-genomics-third-party-tool-makers-look-develop-services-while-keeping-user>. Just a few years later GEDmatch reported more than one million DNA profiles in the database, and continues to steadily grow. Each of these DNA profiles is a raw data file of atDNA test results that has been uploaded by a user to GEDmatch from one of the testing companies.

In late 2018 and early 2019, GEDmatch transitioned from the Classic GEDmatch database to an updated form of the database called GEDmatch Genesis <genesis.gedmatch.com>. Genesis is a new version of the GEDmatch database, necessitated by changes in the tests from the DNA testing companies. All GEDmatch kits from the classic database (and the interim interface) have been migrated and merged into the Genesis database.

Some of the new DNA tests examine fewer positions on the test taker’s genome, reducing the amount of overlap from one company to the next. Specifically, the SNP chips used by some of the companies examine fewer SNPs. This can cause problems with segment matching when users compare results from different SNP chips. To address this problem, GEDmatch created the Genesis database to: (1) accept uploads from companies that switched to a newer SNP chip; and (2) compare test results between these newer SNP chips and other SNP chips.
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GEDmatch has a number of tools you can use to analyze your atDNA test results.



The first step to using GEDmatch is to create a free account. Once you have a profile, you can access the GEDmatch tool and upload new raw data results for processing and inclusion in the database. As shown in image E (from the classic GEDmatch database), the main page of GEDmatch includes several panels, each with different information. In the File Uploads panel, you’ll find a link with step-by-step instructions for downloading raw data from the testing companies and uploading to the tool. Currently, GEDmatch only allows upload of atDNA (including the X chromosome), but not Y-DNA or mtDNA results.

Once a raw data file is successfully uploaded to GEDmatch, it will be assigned a “kit number,” which will then be listed in a panel labeled “Your DNA Resources.” Each test kit is a letter followed by a series of numbers, with the first letter in the kit number representing the testing company. For example, kit M123456 is so named because its results are from 23andMe (M), while kit A123456 would be made up of AncestryDNA (A) results, T123456 for Family Tree DNA results (T), and H123456 for MyHeritage (H). Other letters such as Z represent kits that might not be associated with one of these testing companies.

Some tools are available immediately for newly updated results, while raw data must be processed for one or two days before it is available for all other tools. Genealogists interested in learning more about their atDNA test results should experiment with the tools at GEDmatch and keep checking back as the site continues to grow and develop new tools and functionality.

There are many free tools available at GEDmatch, some of which we’ll discuss in depth later. The most important and most commonly used are:


	One-to-many matches: This tool compares a single test kit to every other available test kit in the GEDmatch database in order to identify genetic cousins who share an amount of DNA above the sharing threshold. The sharing threshold, which can be manually adjusted higher or lower, is 7 cM, meaning that two individuals must share at least one segment of DNA that is 7 cM or longer in order to be identified as a genetic cousin using the One-to-many tool. The tool shows a maximum of the closest two thousand matches.

	One-to-one compare: This compares a single test kit to only one other test kit in order to identify the segment(s) of atDNA shared between the two kits above the sharing threshold, if any. The default threshold is 7 cM (“Minimum segment cM size to be included in total”) and 500 SNPs (“SNP count minimum threshold to be considered a matching segment”), but the user can manually adjust the sharing threshold to be higher or lower than the default 7 cM.

	X One-to-one: This compares the X-chromosomal DNA (X-DNA) of a single test kit to the X-DNA data of one other test kit in order to identify segment(s) of X-DNA shared between the kits above the sharing threshold, if any. The user can manually adjust the sharing threshold to be higher or lower than the default of 7 cM.

	Admixture: These tools perform an ethnicity analysis of a single test kit using one of several different proprietary ethnicity calculators. Results can be provided in several different formats including as percentages, in a chromosome browser, or as a pie chart, among others.

	People who match one or both of 2 kits: This tool is the equivalent of Shared Matching or In Common With from the testing companies. The tool uses two GEDmatch kit numbers to identify genetic cousins above a sharing threshold in three different categories: (1) Kits in the GEDmatch database that match both of the two entered kit numbers (i.e., shared matches); (2) Kits in the GEDmatch database that match only the first of the two entered kit numbers; and (3) Kits in the GEDmatch database that match only the second of the two entered kit numbers.

	Are your parents related?: This determines whether a test kit has any segments of DNA that are the same from both parents, meaning both copies of a chromosome have the same DNA—and were inherited from the same ancestor—at that location. This can occur, for example, if the test taker’s parents are related.



In addition to the free tools at GEDmatch, you can purchase a group of applications called Tier 1 Tools for a ten-dollar donation for each month of use. These tools are designed for more advanced users:


	One-to-many matches: This tool is similar to the free One-to-many matches, but has a few additional options. For example, there is no limit to the number of matches. Additionally, the Tier 1 One-to-many matches tool shows the age of the match and has additional filtering options.

	Matching Segment Search: This tool is essentially a chromosome browser. It organizes and displays in a graphic all the segments of DNA that a kit shares with the kit’s closest matches in the GEDmatch database.

	Relationship Tree Projection: This calculates probable relationship paths between two GEDmatch kits based on atDNA and X-DNA sharing and genetic distances. This is a highly experimental tool and should be used cautiously.

	Lazarus: This app creates a surrogate kit that represents a recent ancestor. DNA segments for the surrogate kits are found by comparing the DNA of descendants of the recent ancestor (Group 1) to the DNA of non-descendant relatives of the ancestor (Group 2). Any segments of DNA shared between Group 1 and Group 2 are assigned to the surrogate kit of the recent ancestor.

	Triangulation: This tool identifies “triangulation groups” from among the matches of a GEDmatch kit above the sharing threshold, the default of which is 7 cM. A triangulation group is a group of three or more GEDmatch kits that all share a segment of DNA in common with each other.

	Triangulation Groups: This tool groups triangulated matches together into groups.

	My Evil Twin Phasing: This tool, which requires DNA of at least one parent and one child, creates a new GEDmatch kit that contains the 50 percent of parents’ DNA that the child did not inherit.



The One-to-Many Matches Tool

Since the One-to-many tool compares the atDNA data of a test kit to every other test kit in the GEDmatch database, it lets you “go fishing” in the pools of other companies without testing there. Indeed, a third-party tool is one of the only ways to compare the raw DNA data from one company to the raw DNA data of another company. Using this tool, you can identify up to two thousand genetic cousins from the GEDmatch database. If you’ve tested at every testing company, you are unlikely to find any new matches using the One-to-many tool at GEDmatch. However, since every match is associated with an e-mail address, you may be able to find an e-mail address and potentially identify a non-responsive match from a testing company. One of the benefits of the One-to-many tool is that a user can adjust the matching settings. Although the default threshold for identifying a genetic cousin is at least one segment of 7 cM or greater, users can decrease it or increase it

The One-to-many analysis creates a table of the closest two thousand matches in the database sharing a segment of DNA with the query kit, ranked from the kit that shares the most DNA to the kit that shares the least DNA (image F). Each row in the table is a kit that shares DNA with the query kit and provides: the sex of the kit owner; a mitochondrial DNA (mtDNA) and/or Y-chromosomal DNA (Y-DNA) haplogroup if the owner of that matching kit has provided that information; the total amount of atDNA shared between the two kits; the largest segment of atDNA shared between the two kits; an estimate of the number of generations between the two kits; the total amount of X-DNA shared between the two kits (if any); the largest segment of X-DNA shared between the two kits (if any); the kit owner or test taker’s name; and the kit owner’s e-mail address.
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A One-to-many analysis compares your data to that of all other GEDmatch users. Kit numbers, names, and e-mail addresses have been removed for privacy.



You can contact a match to identify shared ancestry using the provided e-mail address. Additionally, you can compare the total amount of DNA shared with a match to published relationship estimates in order to guess the possible relationship with that match. As discussed in chapter 4, the International Society of Genetic Genealogy’s Wiki page “Autosomal DNA Statistics” <www.isogg.org/wiki/Autosomal_DNA_statistics> includes a table that indicates the predicted amount of total shared DNA for a wide variety of different relationships, and as well as a table from the Shared cM Project.

The One-to-One Compare Tool

The One-to-one tool compares the atDNA data of a single kit (the “query kit”) to the atDNA data of one other kit in order to identify each segment of atDNA shared between the kits above the sharing threshold, if there are any such segments. The sharing threshold can be manually adjusted by the user to be higher or lower than the default of 7 cMs (though, as discussed in chapter 4, segments smaller than 7 cM are often false matches).

The One-to-one tool creates either a table of shared segments or a graphic display of shared segments. Image G shows the table of segments of DNA shared by first cousins once removed, with the sharing threshold set to 7 cM. These first cousins once removed share twenty-two segments of DNA, ranging from a maximum of 47.3 cM to a minimum 8.0 cM. For each shared segment, the One-to-one tool provides the chromosome where the shared segment is located, and the start and stop location of that segment on the chromosome.

The same information can be provided in a chromosome browser, which (as discussed in chapter 4) shows where along each of the chromosomes a shared segment is located. In image H, the same first cousins once removed are compared with the sharing threshold set to 7 cM. The segments underlined with a blue bar are the segments of DNA above the matching threshold and shared by the first cousins once removed. Thus, the blue bar simply indicates that a matching segment at or above the threshold has been identified. Gray, black, and/or red indicate that there is no matching DNA at those locations.

Although chromosome browsers only show one chromosome, remember that a test taker actually has two chromosomes: one from his mother and one from his father. A “half match”—shown in yellow above the blue bar in image H—indicates DNA matching on one of the chromosomes at that location. Which chromosome it is cannot be determined without more information, and in this case it is the paternal chromosome because this is a paternal first cousin once removed.
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A One-to-one analysis compares your data to that of all other GEDmatch users.



If any of the segments were a “full match”—shown in green above the blue—the first cousins once removed would share segments of DNA on both copies of their chromosome. This indicates that the matches are related on both sides of their family, and is most commonly seen in full-sibling comparisons, as shown in image I. On chromosome 21, these brothers share three segments of DNA underlined by the blue bars. Although there are only two blue bars, a portion of the blue bar on the left side of the chromosome includes a full match—again, shown in green—where both brothers inherited DNA from each parent. Comparing the table to the graphic display, however, shows that GEDmatch only provides the start and stop positions of half segments.
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You can view your One-to-one comparison in a chromosome browser. Yellow indicates portions of chromosome that the test taker and match share on one copy of that chromosome (half match), while green indicates where the two share DNA on both chromosomes (full match). Red indicates a base pair that the test taker and match don’t share on either copy of a chromosome. (Note the report can generate all twenty-two chromosomes; this image shows only chromosomes 12 and 13.)
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Siblings should share large portions of both of their chromosomes. The blue bar, as well as the green and yellow, indicate where these two brothers share large portions of their chromosome 21.



The X One-to-One Tool

The X One-to-one tool compares the X-DNA data of a single kit (the “query kit”) to the X-DNA data of one other kit in order to identify each segment of X-DNA shared between the kits above the sharing threshold, if there are any such segments. The user can manually adjust the sharing threshold to be higher or lower than the default 7 cM. The X One-to-one tool generates either a table of shared segments or a chromosome browser displaying shared segments, similar to the atDNA One-to-one tool.

The Are Your Parents Related Tool

The Are your parents related? (AYPR) tool determines whether the atDNA data of a kit has any segments of DNA that are the same from both parents, meaning both copies of a chromosome have the same DNA (i.e., inherited from the same ancestor) at that location. Segments of shared DNA on both chromosomes are called Runs of Homozygosity (ROH). This can occur, for example, if the parents are related. The results of the analysis are presented in a chromosome browser (image J), with any ROH above 7 cM shown in yellow and underlined by blue.

It is not uncommon for individuals to share one or two small segments of DNA from both parents, which means that the parents were likely distantly related. In some populations, however, where there has been marriage and reproduction by relatives, it is more common to have these ROH. One of the most common uses of the AYPR tool is to determine whether an individual might be the product of incest, which would show as many shared segments.

The AYPR tool has some consequential limitations. For example, AYPR can only examine the relatedness of the test taker. Thus, if one of the parents of the test taker has parents who were related (or is the product of incest), this will not show via an AYPR analysis. The test taker’s parents could be related—and thus share DNA—but the tool won’t always detect this relationship. For example, if the test taker’s mother and father are third cousins and share a segment from a common ancestor on chromosome 2, the AYPR tool will only detect the relationship if (1) the father passes down that segment, which has only a 50-percent chance of occuring and (2) the mother passes down that segment, which has only a 50-percent chance of occuring.


[image: ]

GEDmatch has a tool that will help you determine if your parents are related. Results like these suggest that the test taker’s parents both inherited the DNA indicated in yellow (called a Run of Homozygosity, or ROH) from a common ancestor.



DNAGedcom

DNAGedcom (image K) is another third-party tool commonly used by genetic genealogists. The site was founded by Rob Warthen and launched in February 2013, and its tool allows for download of important data files from 23andMe, AncestryDNA, Family Tree DNA, and MyHeritage. It also has third-party tools for GEDCOM comparisons, in-common-with analysis, and triangulation.
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DNAGedcom’s tools are compatible with data from all three of the major testing companies.



Warthen is constantly improving existing tools and developing new ones. As with GEDmatch, it is important that genealogists monitor this and other third-party tools to stay abreast of developments and new tools.

The first step to using DNAGedcom is to create a free account. Once a user has a profile, he can access the following DNAGedcom tools:


	The DNAGedcom Client: This tool, which is only available to subscribers (Members > Subscriber Information), is a small software application that a user downloads to his computer. The Client allows the user to download data from several of the testing companies, including 23andMe, AncestryDNA, Family Tree DNA, and MyHeritage. Among the data that can be downloaded are spreadsheets of matches and shared matching.

	Autosomal DNA Segment Analyzer (ADSA): This tool utilizes Family Tree DNA or GEDmatch data to generate tables in your browser that include match information, segment information, and In Common With (ICW) information. The tool is then used to triangulate matching segments among groups of three or more people, although it does not provide perfect triangulation since it relies only on ICW information.

	JWorks: This downloadable Excel tool generates a spreadsheet of overlapping segments and ICW status among matches, which helps identify potential triangulation groups. The tool requires three things: (1) chromosome browser data (segment data); (2) full match list; and (3) ICW status.

	KWorks: This generates a spreadsheet of overlapping segments and ICW status among matches, which helps identify potential triangulation groups. KWorks is the online version of JWorks, and just like JWorks, the tool requires three components: (1) chromosome browser data (segment data); (2) full match list; and (3) ICW status.

	GWorks: This compares family tree information to identify shared ancestors. GWorks can also sort and filter tree information and perform Boolean searches of the trees. The tool can use GEDCOMs uploaded by the user, family tree information downloaded from matches at AncestryDNA using the DNAGedcom Client (or the AncestryDNA Helper tool, another third-party tool available to test takers), and family tree information downloaded from matches at Family Tree DNA using DNAGedcom’s Download Family Tree DNA Data tool (Family Tree DNA > Download Family Tree DNA Data). For more information about GWorks, see <www.dnagedcom.com/docs/GWorks_Howto_Updated.pdf>.



Autosomal DNA Segment Analyzer (ADSA)

The Autosomal DNA Segment Analyzer (ADSA) is a tool that takes data from Family Tree DNA or GEDmatch and generates an online table that includes the test taker’s match information, segment information, and color-coded ICW information that facilitates triangulation (image L). The ADSA manual can be found at <www.dnagedcom.com/adsa/adsamanual.html.php>.
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The Autosomal DNA Segment Analyzer (ADSA) will triangulate matching segments among three or more test takers.
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ADSA results will tell you how much DNA you share with other users, but it can’t pinpoint exactly which DNA you share. Names and e-mail addresses of matches have been removed for privacy.



Each match is mapped to the chromosomes, with overlapping segments placed adjacent to each other (image M). If you hover over the shared segments table, the tool provides information such as surnames, suggested relationships, and matching segments. You can run the tool for a single chromosome or all chromosomes, and the minimum matching segment size can be raised or lowered (although DNAGedcom strongly suggests a minimum of 7 cM to keep the output manageable and reliable).

Note that this is pseudo-triangulation, not actual triangulation. True triangulation requires information about whether an apparently overlapping segment is actually shared in common, not just that two people share DNA in common. In ADSA and similar tools, the test taker only knows from ICW information that person A, person B, and himself all share some DNA in common; it isn’t known exactly which segment(s) person A and person B share. Accordingly, person A and person B might share the identified segment in common (which, from my experience, is common), or they might share a completely different segment of DNA in common. Regardless, the ADSA tool is useful for identifying potential triangulation groups that can then be explored by contacting the members of the group.

Other Tools

In addition to GEDmatch and DNAGedcom, there are many other third-party tools that genealogists can use to maximize the genetic genealogy experience. Here’s a list of some of the most common third-party tools for atDNA:


	David Pike’s Utilities <www.math.mun.ca/~dapike/FF23utils> is a free comprehensive suite of tools for several advanced phasing and analyzing raw data, including searching for ROHs and searching for shared DNA in two files. Unlike other third-party tools, David Pike’s Utilities operates within your browser, which may alleviate some privacy concerns of people hesitant to upload raw data to a third-party site.

	DNA Land <dna.land> is a free tool for analyzing ethnicity and finding genetic cousins. The tool is run by academics from Columbia University and the New York Genome Center.

	Genome Mate Pro <www.getgmp.com> is a powerful, free computer program that organizes data from 23andMe, AncestryDNA, Family Tree DNA, and GEDmatch, among other sources, into a single working file. Information is stored locally on your computer, which helps maintain the privacy of your data.

	Promethease <www.promethease.com> is a literature retrieval system that creates a personal DNA report based on scientific literature and the test taker’s raw data files from 23andMe, AncestryDNA, and Family Tree DNA. Reports contain information about health and ancestry as well as several other new options. Promethease has a variable cost depending on which raw data files are used, and how many different raw data files are analyzed at once.

	Segment Mapper <www.kittymunson.com/dna/SegmentMapper.php> is a free, powerful mapping tool that shows specific DNA segments in a graphic chromosome-style chart.



Also see the impressive list of free and paid third-party tools available on the International Society of Genetic Genealogy’s Wiki <www.isogg.org/wiki/Autosomal_DNA_tools>.


CORE CONCEPTS: THIRD-PARTY AUTOSOMAL-DNA TOOLS

• Many different free and paid third-party tools are available to atDNA test takers.

• DNA Painter is a third-party site that allows test takers to map shared DNA segments to their ancestors.

• GEDmatch is the most popular third-party site and offers many different tools for users, including the ability to find genetic cousins who may have been tested at a different testing company.

• DNAGedcom provides powerful data collection and analysis tools (such as ADSA and JWorks) to test takers.

• Before using a third-party tool, consider potential privacy issues that might be raised. Additionally, have the person who provided DNA grant permission before his raw data is uploaded to a third-party site.



Getting Started with Third-Party Programs Checklist

With so many third-party tools, it can be difficult to know which to use and how they might be useful. If you are interested in experimenting with these tools—and you are comfortable analyzing your raw data (including possibly uploading your raw data to the website)—then here are some steps you can take:


	Download your raw data from the testing company. Choose just one testing company if you’ve tested at two or three. As discussed previously in the chapter, you can find links with step-by-step instructions for downloading raw data from each of the testing companies at GEDmatch in the panel labeled File Uploads. If you’d like to avoid potentially sharing health information, AncestryDNA or Family Tree DNA raw data may be preferable.

	Create a free profile at GEDmatch. Upload the raw data. Now you can use any of the free tools available at GEDmatch.

	Run the DNA File Diagnostic Utility. Use this to ensure your kit was properly uploaded and processed. Since it takes some time (usually hours or a day or two) to completely process a kit, you may have to wait to perform this analysis. Look for any red warning signs that your kit was not properly processed. Follow the directions provided, or delete your kit and reload the raw data.

	Run the Are Your Parents Related? tool. I recommend that this test be utilized for every kit uploaded to GEDmatch, as this will reveal whether there is significant DNA shared on both sides of the family. Finding that a test taker’s mother and father share DNA means that they share ancestry, and could have a strong impact on subsequent genealogical studies. Most kits, however, will report that there are “no shared DNA segments found.”

	Run the One-to-many matches tool. Do this to search for genetic relatives at GEDmatch, particularly if you haven’t tested at all three companies. I recommend, that for your initial search, you raise the threshold to 15 cM or higher (the default is 7 cM) since you’re going to be focusing only on the very closest matches first.



Once you’ve mastered these steps, you’re ready to explore the other tools at GEDmatch, as well as other third-party tools.


9
Ethnicity Estimates

How reliable is a prediction of 37-percent British ancestry? Why doesn’t your confirmed German or Italian ancestry show up in your ethnicity prediction? You can answer these questions by learning more about the ethnicity estimates that each of the major testing companies provides with the test takers’ autosomal DNA (atDNA) testing results. While some people assume these estimates are foolproof, ethnicity percentages are only estimates of the test taker’s DNA determined by the testing company’s algorithm to be associated with a particular continent, region, or country using imperfect reference populations. Unfortunately, ethnicity prediction is still a young and developing science, and ethnicity estimates are subject to limitations that minimize—but do not completely negate—their applicability to genealogical research.

What are Ethnicity Estimates?

Ethnicity estimation—more accurately known as admixture or biogeographical estimation—is the process of assigning a test taker’s DNA to one or more populations around the world based on comparison of those segments to DNA from reference populations. Individual segments of the test taker’s DNA are assigned to the reference population that they most closely match, based on the assumption that the DNA most likely came from that population at a recent point in time. All of the assignments over the test taker’s entire genome are added together to create the overall ethnicity estimate.
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Some ethnicity estimates only specify general categories of ethnicities.
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DNA testing companies will sometimes provide ethnicity estimates that mention specific countries or regions.



Let’s look at a couple examples of how ethnicity estimates are presented. In image A, test taker Jacob Armstrong tested at one of the atDNA testing companies and received an ethnicity estimate along with his list of genetic matches. The estimate provides his ethnicity for each of four broad categories: African (10 percent), Asian (12 percent), European (78 percent), and Native American (0 percent). In image B, test taker Millie Fuller’s estimate is much more specific, with 34-percent Great Britain, 28-percent Ireland, 14-percent Italy/Greece, 13-percent Iberian Peninsula, and 11-percent Scandinavia.

Typically, estimates using broader categories are more accurate as it’s far easier for DNA to distinguish between continents (e.g., European versus Asian) than it is to distinguish between modern countries (e.g., German versus French). As a result, Jacob’s results—while less specific—are more likely to be correct than Millie’s results, as Jacob’s results only suggest this DNA matches a particular continent, rather than a particular country or region.

Reference Populations or Panels

As discussed in earlier chapters, DNA analysis sometimes relies on comparisons between a test taker’s DNA and a reference sample. Ethnicity estimates operate in a similar way, as geneticists compare test takers’ DNA to collections of reference samples that were obtained from known locations.

The goal of most ethnicity estimates is to identify where the test taker’s DNA was found approximately five hundred to one thousand years ago. Accordingly, a perfect reference population or panel would consist of samples of DNA obtained from all different populations five hundred or one thousand years ago. Since this is impossible, researchers normally utilize DNA from people who can reasonably assert that all four of their grandparents, or all eight of their great-grandparents, were from a specific, concentrated location (such as a county or village). While not a perfect filter, this does help formulate a more accurate reference panel. Geneticists at the testing companies then utilize sophisticated algorithms to identify contributors to a reference panel that don’t cluster, or have similar DNA to, the remainder of the reference panel (suggesting recent migration to the location, for example). In this way, the testing companies can eliminate the outliers in reference panels.


[image: ]

Testing companies assign reference populations based on DNA samples they have received. Because companies have sampled the DNA of more people in Europe and North America than they have in other regions, they can create more reference populations in these regions than they can in South America, Africa, Asia, or Australia and Oceania.



Image C is a theoretical map showing fourteen reference populations from around the world. Some reference populations in this map, such as those in Europe, represent relatively small regions where DNA companies believe they have adequately sampled local populations. Other regions, such as Asia, are not adequately sampled and thus the reference population represents a very large region.

The size and diversity of the reference panel is an important factor in the accuracy of an ethnicity estimate. Comparing the test taker’s DNA to a database containing only European reference populations will not, for example, produce useful results for someone with Native American or African ancestry.

Each of the testing companies has its own reference panel:


	23andMe utilizes a database of more than ten thousand people from 150 different populations and regions around the world for its ethnicity reference panel. 23andMe’s reference population was obtained using both 23andMe customers that have consented to participate in research and several different public sources including the Human Genome Diversity Project, HapMap, and the 1000 Genomes project <www.23andme.com/en-int/ancestry_composition_guide>.

	AncestryDNA uses a reference panel with more than sixteen thousand DNA samples from people in 380 regions <www.ancestry.com/dna/resource/whitePaper/AncestryDNA-Ethnicity-White-Paper.pdf>. In the summer of 2018, Ancestry updated their ethnicity estimate with thousands of new reference populations.

	Family Tree DNA’s reference panel is composed of numerous individuals from twenty-four different population clusters <www.familytreedna.com/learn/user-guide/family-finder-myftdna/myorigins-population-clusters>.

	Living DNA assigns the test taker’s DNA to fifty-two worldwide regions and eighty different population groups. If the results of the ethnicity analysis indicate that the test taker has British ancestry, Living DNA also provides an additional twenty-one regions within the United Kingdom <www.livingdna.com/worldwide-ancestry-regions>.

	MyHeritage assigns a test taker’s DNA to forty-two regions around the world. In 2017, MyHeritage increased their reference population using the Founder Populations Project” in which more than five thousand select MyHeritage users (those who claimed to have family trees that were rooted in the same region or ethnicity for many generations) received complimentary DNA tests and allowed MyHeritage’s science team to utilize their results for reference populations <www.myheritage.com/ethnicities>.



The companies continue to add DNA from new individuals and new populations to the reference panels.

Over the next few years, reference panels will likely continue to improve in at least two ways. First, developing reference panels will likely be populated with more individuals from a wider variety of populations. Second, reference panels will likely be populated with more ancient DNA samples being obtained from ancient remains all over the globe. Together with other improvements, these additions will help DNA testing companies significantly improve the accuracy of their ethnicity estimates.

Ethnicity Estimates from Testing Companies

Together with cousin matching, ethnicity estimates are one of the two major interpretations of your DNA offered by the most prominent testing companies. Each of the testing companies provides an estimate of very broad regions, including Africa, Asia, the Americas, and Europe, and each attempt to break these regions down into smaller categories, often based on modern-day countries.

If you test at all the major companies, you should expect your ethnicity estimate to vary. The following table shows actual ethnicity estimates for the same person from each company (rounded to the nearest percentage):
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As we learned earlier in this chapter, these differences don’t mean that one estimate is correct while another estimate is incorrect. Differences in the reference populations and ethnicity analysis algorithms utilized by the companies will necessarily result in differences in the estimates.

When testing at multiple companies, remember that these differences are expected. Rather than looking for identical predictions, look for trends or patterns. According to the results in the table, for example, this person clearly has mostly European ethnicity and very likely has a significant 2- to 3-percent Native American contribution as well. The African and Asian estimates are a little more questionable, and additional research or analysis might be necessary.

AncestryDNA

Through its DNA testing, AncestryDNA provides an estimate for 380 global regions, a number that has grown several times since AncestryDNA launched.

Here’s how the test works. After AncestryDNA obtains the test taker’s DNA, the ethnicity algorithm chops the test taker’s DNA into 1,001 sections called “windows,” and uses about 300,000 SNPs of the total 700,000 SNPs tested to examine ethnicity. Each window actually includes DNA from two chromosomes, one from Mom and one from Dad. Each window covers one section of a single chromosome and is small enough (e.g., 3–10 cM) that both the DNA from Mom and the DNA from Dad in any given window are likely to each come from a single, although not necessarily the same, population.
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Though AncestryDNA reports this test taker’s ethnicity as 50-percent France, the range reveals the estimate could actually be as high as 65 percent or as low as 45 percent.
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AncestryDNA will provide a list of predicted ethnicities. You can click each to better understand the potential variance in the estimate, plus view a history of that country or region.



Each window is individually compared to the reference panel to determine how likely it is to have come from each population in the panel. Ancestry then uses a series of complicated estimates and probabilities to assign one or two likely regions for the window, depending on whether the DNA from Mom and the DNA from Dad in the window came from the same population (i.e., one region) or came from two different populations (i.e., two regions). Ancestry does this for all windows and provides the total as an ethnicity estimate, accompanied by a percentage range—a report of the uncertainty of the estimate.

In image D, for example, the test taker receives an estimate of 50-percent France, which is the likely percentage of DNA coming from France. Clicking on France reveals the range, which is 45 to 65 percent. So while the most likely percentage for this test taker is 50 percent, it is important to realize that the amount could be between 45 and 65 percent based on this particular analysis.

AncestryDNA provides all of this information to the test taker in the ethnicity estimate interface. For example, my ethnicity estimate from AncestryDNA is shown in image E. The values for each region are the most likely percentage for that region. Clicking on each individual region will expand that region to reveal the range. For example, my estimate for Ireland & Scotland is 9 percent, and the range is 0 to 12 percent.

For much more information about AncestryDNA’s ethnicity estimate, see the AncestryDNA Ethnicity Estimate White Paper <www.ancestrycdn.com/dna/static/images/ethnicity/help/WhitePaper_Final_091118dbs.pdf>. The company also provides another heritage-based tool that identifies large migration groups, which we discuss in the AncestryDNA’s Genetic Communities sidebar.

23andMe

Like AncestryDNA, 23andMe also starts with the test taker’s DNA sequence, then uses a proprietary computer algorithm called “Eagle” to phase the DNA. Phasing refers to separating the test taker’s DNA sequence into the DNA provided by the mother and the DNA provided by the father. Normally, phasing is done by comparing a child’s DNA to one or both parents’ DNA. For automated phasing, however, the algorithm uses a statistical analysis to separate each parent’s contribution to the test taker’s DNA. The program attempts to separate the DNA into two different contributors, but it doesn’t know which contributor was the mother and which contributor was the father.

Next, 23andMe breaks the chromosomes into short, non-overlapping, adjacent segments of about three hundred markers (approximately 25 to 150 segments for each chromosome). Each of the segments is then compared to 23andMe’s reference populations to determine which of the reference populations is most similar to the segment.

The 23andMe process then corrects several different types of errors in assignments. For example, the algorithm “smooths” the data by correcting assignments that are almost certainly incorrect. If the data shows a series of ten segments in a row assigned to Population A interrupted in the middle by an assignment of a single segment to Population B, the smoothing algorithm will change the assignment to Population A. The smoothing algorithm will also correct phasing mistakes known as “switch errors” in which the phasing algorithm mixes up the DNA of one parent with the other parent. The smoothing algorithm fixes switch errors by switching the ancestry assignments back between the two versions (“Mom” and “Dad”) of a given chromosome.

Next, 23andMe applies a confidence threshold to the data to determine what ethnicity estimates are provided to the test taker. The test taker is able to adjust this threshold to see estimates that are more conservative (where the threshold is higher) and estimates that are speculative (where the threshold is lower). In the 23andMe interface, test takers can adjust their ethnicity estimate threshold from Speculative (50 percent) to Conservative (90 percent) with several thresholds in between (60, 70, and 80 percent). The default is 50 percent, and as the test taker increases the threshold the estimate may change as some assignments no longer satisfy the selected threshold.


ANCESTRYDNA’S GENETIC COMMUNITIES

In addition to an ethnicity estimate, AncestryDNA provides an analysis called Genetic Communities. A Genetic Community is a group of AncestryDNA test takers who descend from a population of common ancestors in a specific geographic location. Although not an ethnicity estimate, Genetic Communities appear in a test taker’s ethnicity estimate as either a subregion or a Migration (more on this distinction later).

Although the majority of AncestryDNA test takers will have at least one Genetic Community, not everyone will receive one. Additionally, individual family members can have different Genetic Communities based on how similar their individual DNA is to any one Genetic Community. Indeed, it is possible for a child to have an identified Genetic Community to which neither parent is reported to belong.
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Genetic Communities were created using DNA from more than one million AncestryDNA test takers that opted into research. First, scientists at Ancestry compared the DNA of the one million AncestryDNA test takers and identified clusters of people that share similar DNA. Each of these clusters is a Genetic Community. However, a Genetic Community is only useful if it is tied to a specific location. Thus, the scientists then reviewed the thousands of Ancestry member trees associated with each cluster to effectively assign the cluster to a specific geographic location. Online trees are often rife with errors, but the company used thousands for each cluster, lessening the impact of individual errors. Due to this rigorous process, Genetic Communities are among the most accurate identification of an individual’s ancestry, often much more informative and accurate than an ethnicity estimate. There are currently more than three hundred different Genetic Communities from around the world.

The image shows a test taker who has three identified Genetic Communities: Scotland; Northeastern States Settlers; and New York Settlers. A Genetic Community appears as a subregion when it fits within a major ethnicity estimate region in the DNA results. The Scotland Genetic Community, for example, is identified as a subregion of Ireland/Scotland/Wales, and has a subregion called Scottish Highlands & Nova Scotia. Thus, this test taker’s DNA showed that she has DNA from Ireland/Scotland/Wales, and her Genetic Communities show that at least some of her Ireland/Scotland/Wales DNA came from the Scottish Highlands (possibly via Nova Scotia). Since the other two Genetic Communities are assigned to regions (i.e., New York and New England) where there aren’t associated ethnicity estimates—that is, there is no “New York” ethnicity estimate—these communities are listed under the Migrations heading.

For much more information about AncestryDNA’s Migrations, see the Genetic Communities White Paper <www.ancestry.com/cs/dna-help/communities/whitepaper>.
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23andMe’s ethnicity estimates provide data on continents as well as individual regions.



My ethnicity estimate from 23andMe is shown in image F. The estimate shows different continental regions, such as “European,” “East Asian & Native American,” “Sub-Saharan African,” and “Western Asian & North African” and sub-continental regions such as “Iberian” and “Congolese.” For example, my estimate shows that I have 95.6-percent European DNA, with 21.5 percent of that being “French & German.”

23andMe also allows test takers to use a chromosome browser—called the “Ancestry Composition Chromosome Painting”—to see where in their genome the assigned segments of each population are found (image G). The blue (European), red (East Asian & Native American), light purple (Sub-Saharan African), and dark purple (Middle Eastern & North African) colors on the chromosomes represent where each ethnicity assignment is found. For example, my chromosome 6 has a long yellow (Native American) segment, suggesting I received that DNA from Native American ancestors.
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The Ancestry Composition Chromosome Painting at 23andMe visualizes where in the world individual segments of DNA are likely to come from.



Each chromosome is shown with two copies in the 23andMe chromosome browser, although there is no order to the arrangement. It is also unclear from one person’s test results whether multiple segments on a chromosome all came from one parent or a mixture of the two parents. For example, chromosome 2 in the image has two small purple segments and one yellow segment. It is possible that the purple segments came from one parent and the yellow segment came from the other parent, or that one purple segment came from one parent and the other purple segment and the yellow segment from the other parent. Typically, only if an ethnicity is identified at the same location on both chromosomes can the test taker be reasonably assured that an ethnicity came from both the mother and father. However, if a test taker at 23andMe has tested a biological parent and connects that parent in his account, the test taker’s DNA will be phased using that parent. The test taker’s top chromosome in each pair of chromosomes in the Ancestry Composition Chromosome Painting will be the maternal chromosome, and the bottom copy will be the paternal chromosome. The test taker will also receive an additional image showing which ethnicity contributions he received from his mother and which he received from his father.

To learn more about 23andMe’s ethnicity estimate, see the 23andMe Ancestry Composition guide: <www.23andme.com/en-int/ancestry_composition_guide>.
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Family Tree DNA also provides estimates for broad or continent-wide regions. Test takers can also drill down to more specific ethnicities.
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Family Tree DNA provides a map that shows what regions your ethnicity estimates refer to.



Family Tree DNA

Family Tree DNA’s ethnicity estimate is called myOrigins, which provides an estimate for twenty-four different global regions. To do this, Family Tree DNA first obtains the test taker’s DNA sequence, then compares the DNA to the different global regions to obtain an overall ethnicity estimate.

My myOrigins ethnicity estimate from Family Tree DNA is shown in image H. The default for the user interface is to show broad categories such as African, European, Central/South Asian, Middle Eastern, New World, and East Asian. Clicking on these regions reveals sub-regions, as shown in the image. For example, the Continental region “European” expands to show sub-continental regions such as British Isles (34 percent), Finland (0 percent), and West and Central Europe (60 percent).

Family Tree DNA provides a map view as shown in image I, with the regions defined by concentric circles. For example the “British Isles” region, from which I’m estimated to receive 34 percent, is shown with blue concentric circles.

To learn more about myOrigins, including a detailed description of the different reference populations, see the myOrigins Methodology Whitepaper <www.familytreedna.com/learn/user-guide/family-finder-myftdna/myorigins-methodology>.

Family Tree DNA also offers ancientOrigins, an estimate of the ancient European origins of a test taker in three categories called Hunter-Gatherers, Early Farmers, and Metal Age Invaders. A fourth category of “non-European” contains the DNA from the test taker that isn’t of European origin. The estimate is accompanied by a map showing migration routes and ancient DNA samples for these different groups.

Living DNA

Living DNA’s ethnicity estimate is called “Your Family Ancestry” and can be visualized in at least three different ways including the Family Ancestry Visualisation (a graphic of a human showing approximate percentages from the identified regions), the Family Ancestry Chart (a doughnut graph showing approximate percentages from the identified regions), and the Family Ancestry Map (a map showing the areas of the world where the test taker shares the identified genetic ancestry).

For each of these visualizations, the test taker can adjust both the confidence level and the regional level, as shown in image J. For the confidence level, the test taker can view a Complete view in which Living DNA allocates unassigned percentages to regions to which they look most similar, and thus there will be more uncertainty associated with these assignments. The Standard view is a more conservative view, in which Living DNA highlights the sources of the test taker’s ancestry that are likely to be present, and ancestry that cannot be attributed to a reference population is shown as being unassigned. The Cautious view is the most conservative view, in which genetically similar populations are grouped together. Living DNA is the most certain about these assignments. The regional adjustment allows the test taker to see Global (Europe, Native Americas, etc.), Regional (Great Britain and Ireland, Mesoamerica, etc.), and Sub-Regional (Cornwall, Northwest Scotland, Tuscany, etc.) estimates.
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Living DNA’s ethnicity estimates allow you to toggle between global, regional, and sub-regional views. You can also view your ethnicity estimates at three confidence intervals: Complete, Standard, or Cautious.
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For those with British roots, Living DNA’s ethnicity estimates include a breakdown identifying ancestry from specific parts of Great Britain.



Living DNA offers one of the most in-depth ethnicity estimates for Great Britain, breaking down these estimates to sub-regions and individual counties within Great Britain. Image K shows a test taker’s breakdown into some of the available different macroregions (23.3-percent Central England) and microregions (5.6-percent Cornwall). At the time of writing, Living DNA is working on similar capabilities in other countries/regions, including Ireland and Germany.

MyHeritage DNA

As discussed earlier, MyHeritage assigns a test taker’s DNA to forty-two different regions around the world. Image L shows my estimate from MyHeritage. MyHeritage breaks down the test taker’s ethnicity estimates into three tiers: 1) a continental level (Africa, America, Asia, Europe, Middle East, and Oceania); 2) a sub-continental level (North and West Europe, West Africa, etc.); and 3) a regional level (Scandinavian, Iberian, West African, etc.). Regions with more and larger reference populations will have more sub-continental and regional levels.

Clicking on a region in the left-hand panel zooms the map into that region. The zoomed-in image is accompanied with historical information about the selected region, and the test taker can click a link to learn more about the selected ethnicity around the world.

To learn more about MyHeritage ethnicity estimates, see <www.myheritage.com/learn/ethnicity-test>.
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MyHeritage DNA’s ethnicity estimates include a map showing the relevant regions. You can click each region to read a brief history.



GEDmatch Ethnicity Calculators

In addition to the ethnicity estimates provided by the testing companies, you can also access the free third-party tool GEDmatch <www.gedmatch.com>, which offers test takers a variety of different ethnicity calculators. These calculators, all created by academics and independent researchers, can help verify and expand upon your ethnicity estimates from the major testing companies.

Similar to the company ethnicity algorithms, the calculators at GEDmatch each have different reference populations. Since the different calculators at GEDmatch have different underlying algorithms and each uses different reference populations, it is not unusual for ethnicity estimates to vary significantly from one calculator to another calculator, or for GEDmatch calculator estimates to vary from the ethnicity estimate from the testing companies.

Each of the ethnicity calculators at GEDmatch has two or more models the user can select from. These models are slight variations of the individual calculators and usually differ based on the composition and/or number of the reference populations used for analysis.

GEDmatch offers the following ethnicity calculators, and I’ve provided the link to each calculator’s blog (when available) below:


	MDLP (Magnus Ducatus Lituaniae Project) <magnusducatus.blogspot.com> is described by the creator as a biogeographical analysis project for the territories of the former Grand Duchy of Lithuania. There are five different models of the MDLP Project calculators, and K11 Modern is the default model.

	Eurogenes (Eurogenes Genetic Ancestry Project) <bga101.blogspot.com> focuses on European ancestry. There are thirteen models of the Eurogenes calculators, usually varying by the reference populations included in the analysis. Eurogenes K13 is the default model.

	Dodecad (Dodecad Ancestry Project) <dodecad.blogspot.com> focuses on Eurasian individuals. The project is named after the Greek word for “group of twelve.” There are five models of the Dodecad calculator, and the default is Dodecad V3.

	HarappaWorld (Harappa Ancestry Project) <www.harappadna.org> focuses on South Asian ancestry and populations: Indians, Pakistanis, Bangladeshis, and Sri Lankans. The HarappaWorld calculator has no variations.

	Ethio Helix (Intra African Genome-Wide Analysis) <ethiohelix.blogspot.com> focuses on African ancestry and populations. There are four models of the Ethio Helix calculator, and the default model is Ethio Helix K10 + French.

	puntDNAL focuses primarily on Africa (particularly East Africa), West Asia, and Europe. There are six models of the puntDNAL calculator, and the default is puntDNAL K10 Ancient.

	gedrosiaDNA focuses on the Indian subcontinent. There are three models of the gedrosiaDNA calculator, and the default is Gedrosia K3.
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Ethnicity calculators on GEDmatch, such as the Docecad’s World9 model, use your testing results to display your DNA in more detail.



The results of the GEDmatch analysis can be displayed in multiple ways, including a chromosome view showing where the ethnicities are found within the chromosomes and a percentages view that shows the overall percentages of the ethnicity estimate. For example, in image M, my DNA was analyzed using the World9 model of the Dodecad calculator. The nine reference populations used for the World9 model are shown in the image, and the ethnicities are shown on the chromosomes. Unlike the 23andMe chromosome browser, only one copy of each chromosome is shown.

A comparison of the 23andMe ethnicity chromosome browser and the results from the World9 model of the Dodecad calculator, shown in image N, reveal that many segments were identified in both calculators. In image O, the results of the same Dodecad World9 analysis are shown in percentage and pie chart form. Using these two formats, the test taker can see percentages for ethnicity estimates, as well as where within the chromosomes those segments are located.
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Ethnicity calculators, such as the one on the right, can correspond with (and thus verify) the estimates from your test results, such as those on the left.
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Ethnicity calculators can also represent your estimates in a pie chart.



Limitations of Ethnicity Estimates

Ethnicity estimates are still a relatively new science and are subject to several inherent limitations. These limitations do not mean that ethnicity estimation is bad science; rather, the science behind these estimates is continuing to develop and improve. As a result, it’s almost certain that any ethnicity estimate you receive today will be revised and updated several times in the future.

First, it’s important to remember that ethnicity estimates are just that—estimates. Although the estimates have genealogical applications, they are fundamentally limited by the underlying science. For example, every company or third-party calculator utilizes a reference population, but reference populations are based on modern-day populations rather than ancient populations. These reference populations sample a limited number of people and are not representative of the entire world.

Further, some origins are exceedingly difficult to accurately identify using DNA. For example, populations have been migrating throughout central and western Europe for centuries, bringing their DNA from one place to another. Accordingly, the populations that eventually became modern-day Germany, France, Belgium, Switzerland, and a variety of other countries may have fewer genetic differences used to reliably identify a test taker’s DNA as belonging to just one of those populations. That makes it more challenging (although not necessarily impossible) to identify this origin in a test taker’s DNA. AncestryDNA describes this genetic intermingling process in its Help Topics section:


When individuals from two or more previously separated populations begin intermarrying, the previously distinct populations become more difficult to distinguish. This combination of multiple genetic lineages is called admixture. Regions that border each other are often admixed — sometimes to a great degree.



While broad categories such as Europe, Asia, Africa, and the Americas are generally reliable, ethnicity estimates become less reliable the more specific the estimate attempts to predict. Accordingly, a test taker must be cautious about relying on an ethnicity estimate at the sub-continental or country level.


[image: ]

Looking for other individuals who have DNA from similar parts of the world in particular places on particular chromosomes can open a new avenue of research.
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This test taker has a relatively large percentage of DNA from Ashkenazi Jewish ancestry. Because none of the Ashkenazi regions overlap on both chromosomes, it’s likely the test taker inherited the DNA from only one parent, opening up a research opportunity.



Genealogical Uses of Ethnicity Estimates

Despite their limitations, ethnicity estimates can have important genealogical applications. For example, 23andMe’s Ancestry Composition has a chromosome view that shows the test taker where the segments of DNA for each ethnicity are found. The test taker whose results are in image P has African (red) and Native American (orange) segments of DNA on chromosome 2. Although the exact start and stop positions of these segments of DNA (which would more specifically identify shared DNA) are not provided, the test taker can use the information to look for others who share similar segments. It may also be possible to assign these segments of DNA to particular ancestors if the test taker knows what parent, grandparent, or ancestor these segments likely came from.

Ethnicity estimates can also provide clues to adoptees or others with recent genealogical brick walls. In image Q, one of the test taker’s parents had almost 100 percent Ashkenazi Jewish ancestry. As a result, the test taker is predicted to be about 46-percent Ashkenazi, and none of the Ashkenazi segments (in green) overlap on both copies of the chromosome. This means that the adoptee almost certainly inherited the segments from one parent. Additionally, since this is a male and the X chromosome is not Ashkenazi, this strongly suggests that the test taker’s father was approximately 100-percent Ashkenazi (since the X chromosome came only from a male’s mother; see chapter 7).


CORE CONCEPTS: ETHNICITY ESTIMATES

• An ethnicity estimate represents which portions (and how much) of a test taker’s DNA match one or more reference populations around the world.

• A reference population is a collection of DNA samples representing a particular geographic population at some recent point in time.

• The small size and limited geographic diversity of a reference population database constrains the accuracy of ethnicity estimates created using that database.

• Each of the testing companies provides an ethnicity estimate with atDNA testing. Third-party tools such as GEDmatch offer additional ethnicity calculators.

• Ethnicity estimates have difficulty distinguishing between specific geographic locations such as neighboring countries. Ethnicity estimates work best for determining the continental source of DNA (Africa, Americas, Asia, and Europe).

• Ethnicity estimates can sometimes provide useful information to genetic genealogists as long as you bear in mind their limitations.




10
Analyzing Complex Questions with DNA

You have a brick wall in the late 1700s, the 1800s, or even the early 1900s that you’ve been trying to solve for years. I know you do, because we all do! These brick walls can be incredibly stubborn, and every possible source of evidence, including DNA evidence, should be considered. Today, many of these brick walls are falling due to the power of DNA.

In addition to breaking down brick walls (or at least allowing you to see over them), DNA can provide evidence for supporting or rejecting hypothesized relationships and can confirm established and well-researched lines. In this chapter, we will examine some of the ways that DNA testing can be used to provide this evidence.

Solving Questions with mtDNA and Y-DNA

Both mitochondrial-DNA (mtDNA) and Y-chromosomal (Y-DNA) testing can be powerful tools for breaking through brick walls. In chapter 5, we examined how Y-DNA can be used to analyze a paternal relationship between two or more males, and in chapter 11 we’ll see several ways that Y-DNA testing can be used to help adoptees with their search. Using these techniques, Y-DNA can shed light on many of the questions asked by genealogists. Similarly, mtDNA can be utilized with almost identical techniques to help analyze and solve complex genealogical questions.

To support or reject a hypothesized paternal relationship—or to add DNA evidence to an established and well-researched paternal line—you need to test at least two males (and quite possibly more). Only in very rare circumstances can a genealogical question be examined by testing a single male. One such circumstance is when a possible biogeographical ancestry is being examined. For example, a family might suspect that a great-great-great-grandfather had Native American ancestry on his paternal line. A Y-DNA test of a direct-line paternal descendant will provide evidence to support or reject this hypothesis based solely on the haplogroup. If the Y-DNA belongs to a Native American haplogroup, the hypothesis is supported. If the Y-DNA does not belong to a Native American haplogroup, the hypothesis must be updated and possibly rejected. Of course, there’s always the possibility of misattributed parentage event.

Another circumstance where testing only a single male might yield results is if the test taker has a large surname project to which he can compare his results. For example, a Williams man who tries to confirm his Y-DNA line by comparing his results to the results of known paternal relatives in the Williams surname project might only have to test himself. However, if his results indicate that he is not actually related to any of the Williams test takers in the surname project, he will undoubtedly end up testing other individuals or wait for another individual to test and provide a closer match. (And anyway, failing to match any of the Williams in the project does not mean he isn’t a Williams. There are a number of reasons why he may not match any of the tested Williams test takers, including being from an untested Williams line.)

Similarly, for mtDNA, you’ll need to test at least two people—male or female—to confirm or reject a hypothesized maternal relationship or to verify an established and well-researched maternal line. In rare circumstances similar to those we saw with Y-DNA, including distinct biogeographical origins and DNA projects that incorporate mtDNA test results, mtDNA from a single person might provide sufficient information.

If Y-DNA is being utilized, the test taker should consider a 37-marker test (preferably a 67-marker test). For mtDNA, you should always use a full-mtDNA test. In almost every case it will be important to provide as detailed a relationship prediction as possible, and this cannot be done with low-resolution tests.

In the following example (image A), Ben Albro has hit a brick wall at his great-great-grandfather, Seth Albro. Ben has no information or clues about Seth Albro’s parentage or place of origin, and he hopes that a Y-DNA test might shed some light on the mystery. Ben has ordered a 37-marker test for himself, and when he receives the results he has several close Y-DNA matches:
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Y-DNA testing can help you find ancestors when other kinds of genealogical research fails. Here, Ben is trying to learn about his paternal great-great-grandfather’s ancestors.
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Like Y-DNA, mtDNA can be used to investigate genealogical questions. Tina can use mtDNA testing to find information about her maternal great-great-grandmother, Mary Smith.
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Ben is an exact match with both George and Victor Albro, who can trace their ancestry back to an Augustus Albro, born in 1790 in Rhode Island. Ben joined the Albro surname project before ordering his test, and shortly after his test results were available, the administrators let him know that he most closely matches the Job Albro haplotype, a group of individuals who are descended from Job Albro of Rhode Island. Ben now has significant clues as to where to look for Seth’s parentage, although it may not be enough to definitively identify Seth’s ancestry or even his paternal line. Autosomal-DNA (atDNA) testing may provide other clues for Ben to pursue, as discussed later in this chapter.

It is important to remember as well that a brick wall is not a prerequisite for Y-DNA or mtDNA testing. Even if Seth Albro’s ancestry had been well known, Y-DNA testing one or more of Ben’s paternal cousins can confirm the last few generations in each of his lines. Or test results might identify an unknown break in one of these lines that could then be analyzed. For example, Ben could have asked known relative Aiden to take a Y-DNA test for comparison. If he (Ben) and Aiden were a sufficient match, Ben could confirm that both lines go back to the paternal common ancestor Seth Albro. Cousin Jim could not, of course, provide a Y-DNA sample since he is not a direct-line male descendant of Seth Albro.

Similar to Y-DNA testing, mtDNA testing can be used to examine complex genealogical questions. One important caveat, however, is that mtDNA is not as good as Y-DNA at estimating the genealogical distance between mtDNA matches. A perfect mtDNA match, even using whole-genome matching, can mean that two people share a very recent maternal ancestor or that they share a very distant maternal ancestor. Another caveat is that there will not be a correlation between the mtDNA and the surname of either the test taker, the genetic match, or the ancestor in question. With mtDNA—unlike with Y-DNA—the surname will most likely change at every generation.

In this example (image B), Tina has hit a brick wall at her great-great-grandmother, Mary Smith. Tina currently has no clues or other information about Mary’s maiden name, her parents, or where or when she was born. Tina takes an mtDNA test with hopes that the results will shed some light on the mystery. When they come back, the results indicate that Tina has one exact mtDNA match: Ms. S. Connor, with a most distant ancestor of Jane Thompson (born about 1770 in Virginia) and the haplogroup A2w.

Tina can now contact Ms. S. Connor to introduce herself and ask about this line. Although it is not clear if Tina and Connor are closely related within a genealogically relevant time frame, it is potentially an important clue that Tina should pursue.

If Tina is interested in confirming her line of descent from Mary Smith, she could also ask her cousin Jack to take an mtDNA test. Although Jack is a male, he should have the same mtDNA as Tina if Tina’s research is correct. If they do indeed share the same mtDNA, that would confirm both lines of descent back to Mary Smith. Cousin Vera, in contrast, is not a suitable relative to take the mtDNA test because Vera’s grandfather created a break in the mtDNA line between Vera and Mary Smith.

These are just a few examples of how mtDNA and Y-DNA can be used to examine and possibly answer complex genealogical questions. To stay on top of the latest developments and learn about other ways to utilize mtDNA and Y-DNA, join surname projects, haplogroup projects, and/or geographic projects at resources like Family Tree DNA <www.familytreedna.com> to interact with other genealogists in forums and social media and read about success stories in works of genealogical scholarship.

Solving Complex Questions with atDNA

atDNA is perhaps the most promising DNA tool for analyzing complex genealogical questions. As the size of the atDNA databases grow, and as family tree information is combined with the results of atDNA testing, the power of DNA continues to grow. Many questions that previously could not be analyzed—much less answered—might be easily addressed by atDNA. In this section, we will look at several different ways that atDNA can be used to examine genealogical questions, including segment and shared match triangulation, among other methods.

One of the key considerations in any DNA testing plan is deciding who should be tested. In a perfect world where money grows on trees, we could test every possible relative who agreed to testing. In the real world, however, we have finite resources and must be more careful about testing. Accordingly, when examining a specific genealogical question, we must first test the individual or individuals who are most likely to provide evidence about that question.

In the example displayed in image C, Mike would like to identify the parents of his ancestor, David France. Mike has taken an atDNA test at each of the three testing companies and transferred his DNA to GEDmatch <www.gedmatch.com>, but he has not yet uncovered any strong evidence of David France’s ancestry. Mike currently has funds for one additional atDNA test, and he would like to know which person to ask to take the test for him. He has four potential living candidates: Mona (his aunt), Sue (his great-aunt), Matt (his second cousin), and Joy (his second cousin once removed).

Who should Mike pick? Any of these relatives will potentially provide relevant information and genetic matches, but Sue and Joy are likely to be the best candidates for atDNA testing given the set of facts. Sue and Mike will only share DNA from one additional set of ancestors (indicated in blue in the image), while Mike and his aunt Mona will share many more ancestral lines in common and it will be difficult to narrow any shared DNA or matches to just those that result from David France and his unknown parents.

Joy is a good candidate because all the DNA that Mike shared in common with Joy likely came from David France and his wife (barring any other recent ancestry on their other ancestral lines). This significantly increases the importance of any shared DNA/matches by Joy and Mike, all of which could potentially be of interest and should be pursued. However, Mike will likely share less DNA with Joy than he will with Sue, although the DNA shared with Joy will potentially be of greater interest. This is a circumstance where, like so many others involving atDNA, there is no definitive answer until the tests are ordered and analyzed.
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Mike can use atDNA to find David France’s parents. He has many potential test takers (such as Mona, Sue, Matt, and Joy) to choose from.



In an ideal situation, of course, Mike would test all of these candidates to cast the “DNA net” as far and wide as possible. To maximize the information obtained by atDNA testing, you’ll often have to test multiple descendants of an ancestor or ancestral couple. For example, if Mike eventually expands his research and identifies more descendants for testing, he will greatly increase his chance of finding genetic matches with good family trees that are related to him through David France. Mike can test Mona, Sue, and Joy (or the ancestors in blue) to obtain additional information and test results.

Not only will Mike identify segments of DNA that he shares with each of these individuals, but he will also identify segments of DNA shared by other descendants and not shared with Mike, thereby forming a genetic network of segments and shared matches that can be mined and explored. Even segments that are shared by just two of the descendants can be utilized in this genetic network research project.

Shared Match Clustering (or Triangulation)

As we discussed in chapter 4, shared matching (also called “in common with,” or ICW) is one of the most powerful tools that the testing companies provide. Shared matching creates “genetic networks,” or clusters of shared matches that often have common ancestry. Shared match clustering—also called triangulation—allows us to identify new hypotheses about our matches by identifying and examining the common ancestry of these groups.

Shared match clustering or shared match triangulation can be defined as a technique used to tentatively identify an ancestor (or ancestral couple) who is responsible for the shared DNA among three or more of his descendants. Shared match triangulation requires researchers to combine DNA with traditional records—including family trees and other forms of genealogical evidence—to form hypotheses about the common ancestry of a group of shared matches. While segment triangulation, discussed later, requires segment data from a chromosome browser, shared match clustering or triangulation does not require segment data.

At its most basic form, shared match clustering or triangulation typically involves the following steps:


	Identify a group (or cluster) of shared matches. The members of the cluster are preferably not all very close matches, as close matches will share many common ancestors.

	Review the trees of everyone in the shared match cluster to look for shared surnames or ancestors among these trees. This will often involve—and typically require—building out the trees of a shared match cluster. Even trees with one or two people can be built out numerous generations in an attempt to identify a common ancestor.

	Identify an ancestor or ancestral couple that the members of the cluster have in common. The more members that share the ancestor or ancestral couple, the better. The hypothesis is now that this identified ancestor/ancestral couple is responsible for the shared DNA among the cluster.

	Examine the hypothesis by adding documentary and other DNA evidence to the trees and the shared match cluster.



You can take the first step (identifying a group of shared matches) in at least two different ways, with slightly different purposes but a similar analytical method. First, a shared match cluster can be identified around a known match. For example, you may share DNA with a second cousin (with whom you share great-grandparents). When you check the profile of that second cousin to identify your shared matches, you can reasonably hypothesize that the people in that shared match cluster are also related to you via those same great-grandparents (though they are likely more distantly related if they share less DNA than the second cousin). This method is particularly helpful as you already have a hypothesized common ancestor.

Let’s look at an example using image C, in which Mike would like to identify the parents of his ancestor, David France. As discussed above, Mike can use shared matching with his second cousin once removed, Joy, to examine the David France mystery. Once Joy and Mike have tested at the same company (or use the shared matching tool at GEDmatch), they can identify the matches they share in common. Among those matches may be people who have trees that they can either tie into David France, or provide clues about David France’s ancestry.

Alternatively, you can identify a shared match cluster by using an unknown match, with the goal of deducing the common ancestry. Review the trees of the unknown match and the shared matches as previously discussed, and use that data to identify potential common ancestors. Sometimes there is not enough information to determine the common ancestry, even if there are decent trees available for review. In such a case, you might postpone working on the cluster until new matches join and provide new information..

When using shared match clustering, it is important to remember the limitations of the method, as discussed in chapter 4. People do not necessarily share a common ancestor just because the ancestor appears in a shared match tool. Shared match tools provide strong clues about shared ancestry with genetic matches, but these clues must be used carefully (and with additional evidence) when formulating and testing hypotheses.

Segment Triangulation

One of the primary goals of atDNA research is to find a common ancestor with a genetic match, which allows you to assign the segment of DNA shared with that genetic match to the common ancestor. This process of identifying the potential source of a segment of DNA is called segment triangulation. Segment triangulation, or segment clustering, is extremely challenging and comes with many caveats, but can potentially facilitate the identification of common ancestors shared with new genetic matches.

More formally, segment triangulation can be defined as a technique used to identify the ancestor or ancestral couple potentially responsible for the DNA segment or segments shared by three or more descendants of that ancestor or ancestral couple. Segment triangulation involves the combination of DNA and traditional records in order to assign a segment of DNA to an ancestor. In chapters 4 and 8, we learned about the different chromosome browsers available from the testing companies and GEDmatch. These chromosome browsers are important sources of the information needed for triangulation.

Triangulation is an advanced technique, and is one of the most time-consuming methodologies currently used by genealogists. Accordingly, it should only be considered if the lower-hanging fruit of shared match triangulation and similar methodologies have not provided the necessary information. Segment triangulation works by either using a third-party tool that automates the process, or by creating a spreadsheet with segment data including at least the chromosome number, start position, and stop position of each shared segment. Once the third-party tool is utilized or the spreadsheet is created, the test taker can look for segments of DNA that are shared in common by two or more other individuals. If there are at least three people who share a segment of DNA and share a common ancestor, that is evidence—but not proof—that the segment of DNA may have come from the common ancestor.

STEP 1: DOWNLOAD SEGMENT DATA

Download segment data from each of the testing companies and/or from GEDmatch. 23andMe <www.23andme.com>, Family Tree DNA, and MyHeritage DNA <www.myheritage.com/dna> provide segment data for download into a spreadsheet. In contrast, AncestryDNA <www.ancestry.com/dna> does not share any segment data with test takers. As a result, the only way to get segment data from matches at AncestryDNA is to ask them to upload their raw data to GEDmatch where segment data is freely available.

You can obtain your segment data from GEDmatch fairly easily by following a few steps. First, perform a One-to-many DNA comparison using the kit of interest (see chapter 8 for more details). Click the Select box for any individuals of interest in the One-to-many DNA comparison result list, then click Submit on the same page. On the next page, click Segment CSV file to obtain a spreadsheet of segments shared with the individuals of interest.
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Upload your segment data to GEDmatch, then perform a One-to-many DNA comparison and download a CSV file of the segments.



STEP 2: CREATE A TRIANGULATION SPREADSHEET

Once the segment data is obtained from the testing company and/or GEDmatch, it can be collated into a single master spreadsheet. You can use various column titles, such as:


	Test taker

	Company

	Match Name

	Chromosome

	Start Location

	End Location

	Centimorgans (cM)

	Suggested Relationship

	E-mail Address

	Surnames



Most likely, the spreadsheet is many thousands of rows long, and most of this data is small segment data. Many genealogists then remove some or all of the small segments from the spreadsheet, and you’ll need to find some way of sifting through all that data. For example, I always sort the spreadsheet in Excel or the spreadsheet program by the cM column (from larger to smaller), then delete any row where the shared segment is less than 7, 10, or even 20 cM (since I want to focus on the largest segments). Don’t fret if this is a significant percentage of the spreadsheet. These small segments can be problematic, and many studies have shown that the majority of segments smaller than 7 cM are in fact false positives.
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GEDmatch allows you to download your segment data in spreadsheet format, allowing you to sort by a number of categories like chromosome number and length of shared segment.



Once the small segments are removed, sort the spreadsheet by chromosome and start location. This will align the segments into potential triangulation groups, or groups of potentially overlapping shared segments of DNA.

STEP 3: IDENTIFY TRIANGULATION GROUPS

The goal now is to find triangulation groups, or groups of three or more people who not only share a similar segment of DNA, but are known to share that segment of DNA in common. If you don’t know whether they share the segment of DNA in common, they do not form a confirmed triangulation group. Instead, they would form a pseudo-triangulation group. See “A Triangulation Intervention” <thegeneticgenealogist.com/2016/06/19/a-triangulation-intervention> for more information about triangulation and pseudo-triangulation groups.


TRIANGULATION USING THIRD-PARTY TOOLS

DNAGedcom <www.dnagedcom.com> offers several tools to assist you with triangulation. For example, JWorks is an Excel-based tool that allows you to create sets of overlapping DNA and assign ICW status within the sets, and KWorks is similar to JWorks, except it runs in the browser. Note that the output of the two programs is based on ICW status and thus is not actual triangulation. Based solely on these analyses, you don’t known for certain if the individuals share the actual identified overlapping segments in common, just that they share some DNA in common.

GEDmatch also has some other tools to help with triangulation. For example, among the Tier 1 tools is the Triangulation tool, which identifies people in the GEDmatch database who match the test taker, then compares those matches against each other to perform true triangulation. Results can be sorted by chromosome or kit number and can be displayed in either tabular or graphical form. The results can be fine-tuned by setting a minimum (to remove small segments) and/or maximum (to eliminate close relatives) amount of DNA to be displayed.

DNAGedcom also offers the Autosomal DNA Segment Analyzer (ADSA), which is a visual ICW and triangulation tool. ADSA constructs online tables that include match and segment information as well as a visual graph of overlapping segments, together with a color-coded ICW matrix that allows pseudo-triangulation of segments.
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Compile your segment data from testing companies and GEDmatch to analyze what segments you share with other individuals. Once you have this information, you can run an ICW analysis to see what DNA you share in common.



In order to find triangulation groups, you will need to learn whether members of a potential group share the segment in common. This can be accomplished using, for example, the following tools (discussed in greater detail in chapter 4):


	23andMe: Use the DNA comparison tool to determine whether matches share segments of DNA in common, or look for a “YES” next to a shared match.

	AncestryDNA: Use the Shared Matches tool to see if two matches share DNA in common. Note that this only works for fourth cousins and closer and that sharing DNA in common indicates—but does not prove—that two people share a segment of interest in common.

	Family Tree DNA: Use the ICW or Matrix tools. Note that overlapping segments and ICW status indicates—but does not prove—that two people share the segment of interest in common.

	GEDmatch: Use the One-to-one tool to determine whether matches share segments of DNA in common.

	MyHeritage DNA: Use the shared matching tool to look for triangulation groups.



Let’s look at an example. Assume that I download my segment data and use that information to create a master spreadsheet. Analysis of the spreadsheets reveals that I share a segment of DNA in common with four individuals on chromosome 3, between 20 and 40 cM in length. Without more information, I do not know whether these matches share DNA with each other, and thus whether the five of us form a single triangulation group.

If the four individuals have also tested at Family Tree DNA, I can use the ICW tool or the Matrix tool to determine which of these four individuals share some DNA in common with each other, although I won’t know if they share the exact segment of interest in common. However, I might be able to use the information to create potential or pseudo-triangulation groups. When I use the Matrix tool, I see that the five individuals form two groupings: one group with three people who all share DNA in common and a second group with two people who share DNA in common. I, of course, am a member of both of these groups. Although I haven’t confirmed using the Matrix tool that these are the actual triangulation groups, based on the results I am fairly confident that the groupings are accurate. I will also try to confirm the groupings at GEDmatch if the individuals have transferred their results to the third-party tool.

Once I have the identified triangulation groups, we can now work together as groups to compare our family trees and potentially find an ancestor in common who might be the source of the shared DNA.

For more information about the benefits and limitations of segment triangulation, including links for additional reading, see the Triangulation page at the ISOGG Wiki <www.isogg.org/wiki/Triangulation>.

Limitations of Genetic Networks

Both shared match triangulation and segment triangulation are good methods for creating clues for further research and adding evidence to an existing hypothesis. However, neither shared match triangulation nor segment triangulation is error-proof. Both methods are susceptible to a major flaw, one that must be adequately addressed in any conclusion or proof argument that relies on its findings: A segment of DNA could have been inherited by another ancestor, possibly one not known to be shared by all the matching cousins.

For example, in the table in image D, a genealogist has determined the number of possible ancestors in each of the past ten generations, as well as that individual’s known ancestors for that generation (where “known” means having some information about the ancestor). This analysis has become known as “Tree Completeness.” The table suggests that while there is decent information about the genealogist’s ancestry through the sixth generation or so, the genealogist is missing information about at least 36 percent of her family tree at the seventh generation. This imposes a serious limitation on any effort to identify a shared ancestor in this generation or beyond. Accordingly, in every analysis, it is important to know how much of the two matches’ trees are being compared. Finding one common ancestor between two trees may not be very meaningful if the two trees are full of “empty branches” (gaps) that could be hiding other in-common ancestors! Genealogists must recognize the possibility that DNA could be shared through other lines, and consider that possibility when reaching their conclusions.
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While triangulating ancestors using DNA can be effective, you likely won’t be able to discover all of your direct-line ancestors through triangulation. In the example above, for example, the test taker is able to find fewer and fewer of his genealogical ancestors as he goes farther back in time.



In addition to encountering significant gaps in the family trees of members of a triangulation group, you may also face the possibility that a shared segment of DNA—particularly smaller segments—may be so common within a population that trying to narrow its source to one ancestor is problematic. For example, if segment X is common within a particular population, and a genealogist is descended from several different members of the population, it can be extremely challenging to determine from which one of those ancestors the segment was inherited.

The Future of Genetic Networks

The future of genetic networks, including shared match clustering and segment triangulation, is bright. Several promising new third-party tools use data from the testing companies and/or GEDmatch to create shared match networks or segment networks. Testing companies will likely continue to create new tools and interfaces around networks, and third-party tools will continue to explore this area.

Ideally, a tool from either a testing company or a third party would utilize all available data to generate extensive genetic networks—both shared match clusters and segment clusters.

Conclusion

These are just a few examples of how DNA can be utilized to examine and possibly answer complex genealogical questions. This is one of the most actively studied areas of genealogy, and it is likely that new methodologies, company tools, and third-party tools will find new ways to maximize the results of DNA testing.


CORE CONCEPTS: ANALYZING COMPLEX QUESTIONS WITH DNA

• Y-DNA and mtDNA are both very useful for examining complex genealogical questions, as long as the limitations of those DNA tests are carefully considered. Likewise, atDNA is a powerful new tool for genealogists analyzing genealogical questions and mysteries.

• In shared match triangulation, researchers find shared ancestors among the trees of a cluster of shared matches and build out a family tree using those shared ancestors.

• In segment triangulation, researchers identify the ancestor or ancestral couple potentially responsible for the DNA segment or segments shared by three or more descendants.




11
Genetic Testing for Adoption and Other Brick Walls

Every line of research reaches a brick wall; even the most well-researched ancestral line eventually ends with nothing more than a question mark. For some people, the line-ending brick wall is many generations back, while for others—notably, adoptees—the brick wall is just one generation ago.

Adoptees, foundlings, and researchers with brick walls (both recent and old) all face the same challenge: finding an unknown ancestor. In this chapter, we’ll examine some of the ways that DNA testing can be used to analyze recent ancestors who are brick walls due to a variety of reasons, including misattributed parentage, adoption, and donor conception, among others. Due to the immense and sudden growth of the testing company databases, these recent brick walls are being broken down faster and easier than ever before.

Although the chapter uses the word “adoptee,” it is meant to encompass the many diverse situations that can result in a very recent brick wall (usually parent or grandparent). The methodologies used to analyze these diverse situations are usually very similar. Additionally, although numerous ethical issues can be raised when using DNA testing to break through very recent brick walls, many of these issues were discussed in chapter 3 and thus won’t be repeated here.

Every test taker looking to break through a recent brick wall should begin with an autosomal DNA test with as many of the major DNA testing companies as possible (see the “Which DNA Test Should I Take” flowchart at the end of the book).

Breaking Through Brick Walls with Y-DNA

Y-chromosomal DNA (Y-DNA) testing can be a powerful tool for breaking through brick walls. In chapter 5, we examined how Y-DNA can be utilized to confirm or reject a paternal relationship between two or more males, and surname projects sometimes do this for the hundreds of men in the project.

One of the most valuable uses of Y-DNA testing is to examine breaks in the surname line, whether at the most recent generation (e.g., a male’s father is unknown) or an older generation (e.g., as far back as genealogical records reach). Because Y-DNA is passed down from father to son largely without change, this tool can be used for mysteries both recent and old. For example, Y-DNA testing can be used to potentially identify a male adoptee’s biological surname, to explore the ancestry of a direct-line male ancestor who has an unclear origin (or no known origin!), or to examine a misattributed parentage event in the direct male line. Sometimes the results of Y-DNA testing may be helpful when trying to evaluate a hypothesized relationship identified using autosomal DNA testing.

Y-DNA has an appreciable success rate, although it will likely be more of a “gamble” than autosomal DNA. In 2011 at Family Tree DNA’s 7th International Conference on Genetic Genealogy, Family Tree DNA managing partner and COO Max Blankfeld estimated that 30 to 40 percent of male adoptees who test their Y-DNA at Family Tree DNA find clues to their biological surname. Although this number might be overly optimistic and clearly applies more to the United States than other parts of the world (due to the makeup of the testing company databases), Y-DNA can be a valuable tool for adoptees and anyone else with a paternal line brick wall

If Y-DNA is being utilized, the test taker should consider taking at least a 37-marker test and preferably a 67-marker test. It will be important to provide as detailed a relationship prediction as possible, and this cannot be done with low-resolution tests of less than 37 markers. Adoptees should consider joining the Global Adoptee Genealogy Project at Family Tree DNA <www.familytreedna.com/groups/gagp> to access a community of other adoptees and excellent project administrators.

In the following example, adoptee Nathan Vaughn has performed extensive genealogical research but has not found any accessible records that fill in his family tree. Nathan learns about DNA testing and decides to order a 37-marker Y-DNA test from Family Tree DNA. When he receives his results, he also receives a list of genetic matches. Although finding any genetic match with a Y-DNA test, much less a good Y-DNA match, is never guaranteed, Nathan has several promising matches in his results:
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Nathan has two 37-of-37 marker matches (Wilhelm Davidson and Liam Davidson), which means they have a genetic distance of 0 (GD=0) at 37 markers. According to Family Tree DNA’s calculations, there is a 95-percent probability that the most common recent ancestor was not more than seven generations ago. Nathan is likely to be closely paternally related to these two matches, and it is possible, although not guaranteed, that his biological surname might be Davidson. Nathan should consider joining the Davidson Surname Project, if such a project exists.

Nathan and James Davidson have a genetic distance of 1 (36-of-37 markers, or GD=1), and their relationship is potentially a little more distant than the two GD=0 matches. Nathan and Philip Farah have a genetic distance of 2, which means either that one of their markers is different by one mutations with a value of 2 or two mutations with a value of 1. This relationship is likely even more distant but could still be within a genealogically relevant time frame.

In this example, Nathan took a 37-marker test. If Nathan upgraded to 67 markers, his results could be even more informative, but only if the matches had also tested at 67 markers. (If they hadn’t yet tested at 67 markers, Nathan could contact his matches and ask if they’d be willing to upgrade, especially if Nathan is willing to pay for the upgrades.) For this example, let’s assume that Wilhelm, Liam, and James had all tested at 67 markers or were willing to upgrade. Importantly, upgrading will not result in smaller genetic distances. Either a match will have the same genetic distance or the genetic distance will get larger. In this example, when Nathan received his 67-marker test results, he discovered the following matching with these individuals:
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The genetic distance between Nathan and Wilhelm stayed the same, while the genetic distance with Liam and James increased. While Nathan should explore all of these matches, Wilhelm Davidson and his ancestor Henry Davidson are the most promising. Here, if Wilhelm’s genealogical research is correct, Nathan is a descendant of either Henry Davidson or one of Henry’s paternal relatives.

Y-DNA Success Stories

There are many examples of adoptees and genealogists who have broken through their brick walls using Y-DNA. Below are just a few of these success stories, all of which have been published. Reading these articles will help you understand how others apply Y-DNA testing to their brick walls. Also be sure to review the success stories collected by the International Society of Genetic Genealogy (ISOGG) at <www.isogg.org/wiki/Success_stories>.


	Morna Lahnice Hollister, “Goggins and Goggans of South Carolina: DNA Helps Document the Basis of an Emancipated Family’s Surname,” National Genealogical Society Quarterly 102 (September 2014): 165–176. Hollister uses Y-DNA to document the basis of an emancipated family’s surname.

	Warren C. Pratt, Ph.D., “Finding the Father of Henry Pratt of Southeastern Kentucky,” National Genealogical Society Quarterly 100 (June 2012): 85–103. Pratt combines traditional records and Y-DNA testing to identify the father of an ancestor born in 1809.

	Judy Kellar Fox, “Documents and DNA Identify a Little-Known Lee Family in Virginia,” National Genealogical Society Quarterly 99 (June 2011): 85–96. Fox uses Y-DNA testing and traditional genealogical records to verify the parentage of an ancestor born in the mid-1700s.

	Randy Majors, “The Man Who Wasn’t John Charles Brown?,” randymajors.com (31 December 2010) <www.randymajors.com/2010/12/man-who-wasnt-john-charles-brown.html>. DNA testing confirms the suspected surname of an ancestor who changed his name.



Breaking Through Brick Walls with mtDNA

Unfortunately, mitochondrial-DNA (mtDNA) testing is typically not as helpful in adoption or brick wall cases, although it has solved numerous genealogical mysteries. Further, it is important to leave no stone unturned in challenging cases. For example, mtDNA testing can sometimes provide hints to the ethnic or ancestral background of an unknown mother. When considering an mtDNA test, individuals should always purchase a full mtDNA sequence, which is the highest resolution test and covers all 16,569 locations on the mitochondria.

In the following example, adoptee Juniper Saunders has purchased a full mtDNA test from Family Tree DNA, and a few weeks after sending away her collection kit, she receives the following list of genetic matches:
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Although the potential ancestor or maternal relative Nancy Collins was born almost 250 years ago, Juniper can communicate with these matches to request information, and can build a family tree for Nancy Collins. Although Juniper may only be related to Nancy Collins rather than descended from her, this new clue should be pursued. Additionally, Juniper can combine this result with other DNA testing to identify other connections. For example, Juniper should investigate whether she shares atDNA with any of her mtDNA matches. She should also search her atDNA matches for individuals that might connect to the family of Nancy Collins.

It is important to note that the results shown in this example are rare. It is far more likely that an mtDNA test taker will either have no matches or will have matches with no identifiable genealogical link (usually because the shared ancestor is beyond the reach of genealogical records). Rather than searching for random mtDNA matches in the database (which are rare but certainly not impossible), the most productive use of mtDNA testing is to compare results with another mtDNA test taker with whom the test taker has a hypothesized genealogical connection.

mtDNA Success Stories

Although there are not as many success stories for mtDNA as there are for Y-DNA, many genetic genealogists have broken through otherwise impossible brick walls using mtDNA testing. In addition to the success stories collected by the ISOGG at <www.isogg.org/wiki/Success_stories>, here is one published article that successfully uses mtDNA testing:


	Elizabeth Shown Mills, “Testing the FAN Principle Against DNA: Zilphy (Watts) Price Cooksey Cooksey of Georgia and Mississippi,” National Genealogical Society Quarterly 102 (June 2014): 129–52. Mills uses mtDNA testing combined with two traditional genealogical research methods to solve an ancestry mystery.



Breaking Through Brick Walls with atDNA

Autosomal DNA (atDNA) is a powerful tool for overcoming recent brick walls. In 2017, I conducted a survey of more than one thousand adoptees from various DNA groups on Facebook to inquire about their experience using DNA to identify biological family members. Although admittedly a biased population, the respondents had some shocking results. Among the people who took the survey, 82 percent had an estimated half second cousin or closer among their matches, and 48 percent had a half first cousin or closer! Almost 60 percent of respondents indicated that, as a result of atDNA testing, they had identified at least one parent, sibling, or half-sibling. Not surprisingly, people who were adopted from within the United States had a significantly higher success rate than those adopted from outside the United States, due to the composition of the testing company databases. And these success rates will likely grow as the size of the databases increase.

atDNA has solved innumerable adoption cases and has helped break through many genealogical brick walls. In addition to containing information about many different family lines—especially recent ones—it can also reveal information about the ethnicity of the test taker’s recent ancestry.

“Adoption angels”—individuals who donate their time and expertise to helping adoptees—specialize in DNA and solve adoption and other family mysteries using the results of atDNA testing. As discussed previously, the size of the testing company databases is continually making this process easier by helping adoptees find closer relatives. For example, it is generally much easier to solve an adoption case with a single half-sibling or first cousin than it is with a handful of third cousins (although having only third-cousin matches can still be useful!). As the databases continue to grow, the likelihood of finding a parent, half-sibling, aunt/uncle, or other close relationship increases considerably.

To maximize the likelihood of finding one of these close matches, it is vital that adoptees (and those with recent genealogical brick walls) search in all the available databases. Accordingly, the individual should either take a test at or transfer their raw data to each of the testing companies, including 23andMe <www.23andme.com>, AncestryDNA <www.ancestry.com/dna>, Family Tree DNA <www.familytreedna.com>, Living DNA <www.livingdna.com>, and MyHeritage DNA <www.myheritage.com/dna>. Although there is considerable overlap among these databases, each company has test takers who are found only in that company’s database.

If the test taker hasn’t tested at all available testing companies, the test taker’s raw data from one of the these companies can be transferred to GEDmatch <www.gedmatch.com> if there aren’t any significant privacy issues involved and if the test taker is comfortable with that level of information sharing. Since GEDmatch comprises thousands of test takers from each of the testing companies, it is the largest database of cross-company comparisons and can thus be a very important source of genetic matches. However, if the test taker has tested at every available testing company, GEDmatch won’t be as useful; any sufficiently close matches likely to assist the adoptee will be identified at the testing company directly.

Finding a Close Relative

When the test taker finds a close family member in a list of genetic matches at a testing company (such as a parent, half-sibling, aunt/uncle, first cousin, or second cousin), only a minimal amount of additional research will typically be necessary. Most commonly, research will determine on which side of the respective families the two individuals are related. For example, do half-siblings share a mother or a father? Is a predicted aunt or uncle on the test taker’s maternal or paternal side? There are clues that can be helpful, including X-chromosome matching (chapter 7), Y-DNA matching (chapter 5), mtDNA matching (chapter 6), or ethnicity estimates (chapter 9).

For example, an adopted test taker who is 50-percent Jewish and has a traditionally Jewish Y-DNA signature should determine which side of the family his Jewish heritage comes from, which can help identify his shared relationship with other matches of Jewish ancestry. As another example, a male test taker who is determined to be 45-percent Ashkenazi and has an Ashkenazi X chromosome (as revealed by 23andMe’s Ancestry Painting), can hypothesize that his mother was Ashkenazi or had Ashkenazi ancestry (since only his mother gave him an X chromosome).

The additional research needed to determine the exact relationship of a predicted close relative can be as simple as reviewing a public family tree of the match, particularly if the adoptee test taker has one or more minimal clues to his ancestry. For example, if the adoptee has a location, profession, ethnicity, or date of birth for one or both of his biological parents, he can review the trees of his very close matches to see where that information might align.

Although we’re foregoing an in-depth discussion of the ethical issues associated with adoption for the moment (see chapter 3 for more on ethics and genetic genealogy), it is important that both adoptees and test takers consider the ramifications of establishing contact and do so in the most respectful way possible. Many half-siblings, aunt/uncles, or first cousins will have absolutely no idea that the adopted test taker exists, and thus communication should allow for this possibility. Although most genealogists believe that every individual has a fundamental and inalienable right to their genetic heritage, that does not translate to a fundamental and inalienable right to a relationship with that genetic heritage.

Finding a Distant Relative

Working with more distant matches (from third cousins outward) will be more challenging, and much of the work performed by adoption angels and the adoption community is with these more distant matches. Although not impossible, working with a handful of third-cousin matches will usually be difficult and time-intensive. If the only matches an adoptee finds are fourth cousins and more distant, locating the proper family is going to be extremely difficult and potentially not possible without closer matches. In this latter situation, the test taker can work with the available matches while waiting for newer, better matches to get tested.


ADOPTION RESOURCES

Many resources are available to adoptees looking for more information about how to use genetic genealogy for DNA testing. Each of these resources is highly recommended and provides slightly different information. First and foremost, it is important that adoptees network and engage with other adoptees whenever possible to ensure that they are taking the right steps in their DNA testing plan, and that they are using the most recent methodologies and resources in their research.


	DNAAdoption <www.dnaadoption.com>: Home of several DNA-related classes

	DNAAdoption Yahoo Group <groups.google.com/forum/#!forum/DNAAdoption>: Private group for adoptees to exchange ideas

	The DNA Detectives Facebook page <www.facebook.com/groups/DNADetectives>: The largest community of adoptees and adoption/search angels using DNA

	DNA Testing Advisor <www.dna-testing-advisor.com>: Testing advice from Richard Hill, an adoptee who found his biological family in 2007 using DNA (also see his terrific and engaging book, Finding Family: My Search for Roots and the Secrets in My DNA)

	ISOGG DNA-NEWBIE List <groups.yahoo.com/neo/groups/DNA-NEWBIE/info>: The ISOGG-hosted forum for newcomers to genetic genealogy





Using Shared Match Triangulation

Although segment triangulation was initially the main tool used by genealogists and adoptees to explore their ancestry, the vast size of the databases has brought shared match triangulation to the fore. Shared match triangulation, also called shared match clustering, is the name given to the technique used to tentatively identify an ancestor or ancestral couple potentially responsible for the shared matching among three or more test takers at a testing company. This methodology is described in greater detail in chapter 10.

For people with known ancestry, shared match triangulation is often based on looking for surnames or places that have a link to their known pedigree. For example, someone with known or suspected ancestry in southern California may logically focus on shared match clusters who have overlapping trees in southern California. Or someone with known or suspected Gilmore ancestry will logically focus on shared match clusters with overlapping Gilmore ancestors. Similarly, people who have recent brick walls in otherwise well-known ancestry can use shared match triangulation to look for strong shared match clusters (hopefully including or centered around a close match such as a second cousin or closer) that don’t align with their known ancestry. This could potentially point toward that brick wall.

Adoptees and others with little or no known ancestry must approach shared match triangulation differently. Instead of focusing on places or surnames that have some link to a researched pedigree, adoptees must focus entirely on patterns within the trees of shared match clusters. As described in chapters 4 and 10, the Shared Match or In Common With tools at each of the testing companies identifies shared match groups or clusters that can be explored for clues about shared ancestry.

For example, assume that an adoptee named Zula has a predicted second cousin match at AncestryDNA named J.T.2016, and she uses the Shared Matches tool to identify matches that Zula and J.T.2016 both have. They have four matches in common, two of whom have a family tree linked to their DNA results. When Zula reviews the family trees of J.T.2016 and their two shared matches, she sees the Westmiller surname in all three trees. In two of the trees she finds Abraham Westmiller born in 1876 in Vermont. J.T. 2016 is descended from one son of Abraham (named Simon), and one of the shared matches is descended from another son of Abraham. The other shared match doesn’t have Abraham Westmiller in their tree, but Zula builds out that person’s tree and discovers that they are also a descendant of Abraham Westmiller.
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Zula, an adoptee, could use the Shared Matches feature at AncestryDNA (along with family trees and traditional genealogy research) to build out this potential family tree between herself and two matches, MattiasM1 and J.T.2016.



Based on this information, Zula should build a family tree around Abraham Westmiller and his wife, including both descendants and ancestors. She should also search for matches at each of the testing companies with the Westmiller surname in their profiles or family trees. This might be the breakthrough that Zula needs to solve her genealogical mysteries. Alternatively, Zula might have to repeat this process many times before she finds a family link that is reliable.

Let’s assume that Zula has another predicted second-cousin match, this time at MyHeritage, named MattiasM1. Although MattiasM1 doesn’t have a tree attached to his results, there are several matches that Zula shares with MattiasM1 who do have trees. When Zula reviews those trees, she finds that many of them have Samuel and Elizabeth (French) Percy, from the late 1800s in upstate New York, listed as an ancestor. Zula builds a family tree around Samuel and Elizabeth (French) Percy, including their ancestors and descendants (image A). As Zula is tracking the descendants of the Percy family, she finds that a grandchild of Samuel and Elizabeth named John Percy lived next door to a Susan Johnson, granddaughter of Abraham Westmiller. Zula may hypothesize that she could be a child of John Percy and Susan Johnson. This would also make J.T.2016 and MattiasM1 her full second cousins. Note: This is only a hypothesis, and more research (both traditional genealogical research and additional DNA testing) will be necessary.

As more people test, existing tools mature and new tools are developed, genetic networking tools such as shared match clustering and triangulation will prove to be even more helpful for adoptees and genealogists.


CORE CONCEPTS: GENETIC TESTING FOR Brick Walls

• DNA is helping break through very recent brick walls to help adoptees, foundlings, and others identify their genetic heritage.

• Y-DNA testing at Family Tree DNA is able to provide a potential biological surname in as many as 30 percent of cases.

• mtDNA testing is not as useful for adoptees, but in rare cases can provide helpful information.

• The size of the testing companies’ atDNA databases has greatly increased the chance that an adoptee will find a second cousin or closer in their match lists.

• Adoptees and others interested in using DNA to analyze their genetic heritage should consider: taking a 37- or 67-marker Y-DNA test at Family Tree DNA (if male); taking an atDNA test at each of the big testing companies; joining several adoptee-focused social media groups or mailing lists to begin to learn how to interpret and apply the DNA test results.
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The Future of Genetic Genealogy

As with computers and the internet, DNA has quickly become an important component of modern genealogical research. Although this tool only became available a few short years ago, it is now a source of evidence for thousands of genealogists and of fascination and excitement for millions of test takers. Over the course of the next ten to twenty years, new advancements in DNA technology and techniques will change and expand how genealogists obtain DNA test results and how those test results are applied to genealogical questions. In this chapter, we will peer into our crystal ball to look at current trends in DNA technology and see how they will affect genealogy.

The Future of Y-DNA Testing

One area of genealogy that is likely to change considerably over the next decade is Y-chromosomal (Y-DNA) testing. Currently, Y-DNA testing comprises either a handful of Y-STRs (short tandem repeats on the Y chromosome), usually between 37 and 111, or a few thousand Y-SNPs (single nucleotide polymorphisms on the Y chromosome). Some Y-DNA tests, such as the Big Y-700 test from Family Tree DNA <www.familytreedna.com>, examines approximately 15 to 25 million base pairs of the Y chromosome, roughly 25 to 45 percent of the entire Y chromosome, much of which potentially contains information about ancestry, although these tests are only just beginning to yield information that will be helpful to genealogists.

While future researchers will likely sequence the entire Y chromosome and analyze it for ancestral information (including identifying and characterizing new STRs and SNPs), the Y chromosome presents some unique challenges that prevent whole Y-DNA sequencing with current technology. For example, much of the Y chromosome is either highly repetitive, palindromic, or nearly identical to the X chromosome. Since current DNA sequencing technology examines many short overlapping fragments (called “reads”) of a chromosome and then pieces them back together by mapping them to a human genome reference, repetitive or palindromic sequences can make this difficult (if not impossible).

New sequencing technology, however, might provide testing companies like Family Tree DNA with new opportunities. For example, DNA sequencers that obtain long, high-quality reads will be much better equipped to piece those long reads together. Ideally, sequencing technology in the future might start at one end of a chromosome and, with one single read, sequence all the way to the other end of the chromosome.

Once raw data is available, analyzing the data to extract the STR and SNP information is an easy step in the process. Just as the influx of Big Y results from Family Tree DNA in 2015 resulted in the so-called “SNP tsunami,” the data flowing in from future sequencing technology will result in a massive amount of information that will have to be analyzed and categorized in the context of the human Y-DNA family tree. There will likely be numerous “family-specific SNPs” within these results—Y-SNP variations that are found among men who have a recent shared paternal ancestor (within about the past 100 to 250 years).

There is a strong economic pressure to create improved DNA sequencing technology, including the desire to use low-cost DNA testing for health assessment and treatment. As a result (despite some technical setbacks), Y-DNA sequencing developments will likely occur within the next five to ten years.

The Future of mtDNA Testing

Since the entire mtDNA molecule is already sequenced by current testing, there will likely be only a few developments in mtDNA testing in the future. It is not possible to extract any additional information from the sequences of A, T, C, and G in the mitochondrial genome.

Rather, the biggest development in mtDNA testing will likely come from a greater number of people testing, meaning that the likelihood of finding a meaningful match will increase. Although many people find matches when they test and for the reasons we learned in the mtDNA chapter (namely that mtDNA mutates very slowly and thus many, many people have the same mtDNA), it is very rare that a test taker finds a meaningful match that helps them with their genealogical research. Additionally, mtDNA is often associated with a shorter pedigree because of the challenges of researching a maternal line with a name change every generation. As the database gets larger, however, the likelihood of finding an important close match that fits within your pedigree increases significantly.

Another important development in mtDNA testing might be epigenetic testing. Like atDNA, mtDNA is packaged into an organized structure with proteins and chemical groups that associate with it. If this epigenetic structure is heritable, as recent studies suggest it is, then it could be analyzed and exploited for genealogical purposes. People who are more closely related would be expected to have more similar epigenetic structure, and thus the epigenetic structure of mtDNA might single out close relatives among a list of mtDNA matches. Epigenetic testing will be explained in much greater detail later in this chapter.

The Future of atDNA Testing

The biggest changes in genetic genealogy are expected to occur in the area of autosomal-DNA (atDNA) testing, for some of the same reasons as Y-DNA testing. Namely, new developments in DNA sequencing will both improve sequencing and lower the cost of testing.

As whole-genome sequencing reaches a price point similar to current atDNA testing (a point we are quickly approaching) genealogists will be a driving force behind the use of whole-genome results for genealogy. Benefits include improved cousin identification and relationship estimation, although whole-genome results likely won’t identify new close cousins (closer than fourth cousin, for example) who couldn’t be identified with current testing. In a similar way, an affordable whole-genome test for genealogists likely won’t provide relationship predictions that are stunningly accurate, instead providing new distant cousins and improving the confidence in relationship estimates.

In addition to whole-genome sequencing, new atDNA methodologies will be created in the next decade. These methodologies will not only be the result of research and experimentation by scientists and genealogists, but will also be possible due to the sheer sizes of atDNA databases. Once the databases comprise many millions of people, new tools can be developed that were either not apparent when the database was smaller or were not possible using a smaller database.

Genetic Reconstruction: Piecing Together Genomes of the Dead

Piecing together a portion or all of the genomes of our ancestors will enable genealogists to learn things about them that we might otherwise not be able to, such as their ethnicity, health, and recent genealogical relationships. Genealogists might also learn about some of their physical characteristics like eye color and hair color, although these are not always a perfect estimate based on DNA alone. In this section, we’ll discuss what genetic reconstruction is, how it works, and why it may be of interest to genealogists.

Genetic reconstruction is made possible by testing many descendants of an ancestor or ancestral couple. For example, imagine John and Jane Smith, living in New England in the mid-1700s. They had twelve children, ten of whom lived to adulthood, and thus they now have many, many thousands of descendants living today. A handful of these descendants possess random segments of DNA handed down from John and Jane; the more children and descendants the ancestral couple had, the more DNA from that couple that is likely to exist in test takers today.

Segments of DNA that potentially came from this ancestor or ancestral couple can be identified using well-researched family trees, then woven together to create as much of the couple’s genome as possible. Some segments will be lost forever, although often these missing segments can be derived or estimated.

In image A, segments of DNA from a couple in the mid-1700s are found in living descendants. Some descendants, such as #4, either did not inherit any DNA from the couple or does not share any of the inherited DNA with another relative, and thus will likely not contribute to the genetic reconstruction. Others descendants—or relatives—such as descendant #6 may have no documentation that they are related to the couple. Only segments that can be reliably assigned to the ancestor or ancestral couple will be mapped. Usually, this will involve identifying segments of DNA shared by two or more descendants of the ancestor or ancestral couple.

Slowly, the genomes of hundreds and possibly even thousands of early ancestors may be generated as millions of DNA samples and family trees are entered into massive databases. There will undoubtedly be numerous errors introduced by both poor quality trees—or trees that are incorrect due to misattributed parentage events—and from improperly assigning shared segments to one ancestor versus another. However, most of these errors will be resolved over time as more samples and trees are entered into the system and processed and as genealogists and citizen scientists pour over the trees.

Interestingly, these recreated genomes sometimes will belong to unknown or unidentified ancestors (DNA-Only Ancestors), as discussed later. For example, shared segments of DNA may appear to be from a couple who probably lived in the area of Boston and had children in the early 1700s, but no known couple can be found in existing records.

To be successful, this future methodology will of course require numerous, wide-ranging, and extremely well-researched family trees, as well as DNA samples from millions of individuals.
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By looking at several of a couple’s descendants, you can cobble together an approximation of their DNA makeup. However, only some of these descendants will contain the original couple’s DNA; here, descendant #4 doesn’t have this ancestral DNA and so will not be helpful for these purposes.



With reconstructed genomes, it might also be possible to estimate what our ancestors looked like, even if no picture of that ancestor was ever taken or has survived. Everyone knows the age-old game of guessing which parent or sibling a new child looks like, or guessing which identical twin is which. These scenarios demonstrate the existence of a relationship between DNA and appearance. Accordingly, by examining and understanding this relationship, we can theoretically predict appearance based on DNA alone.

For example, in 2014, scientists published a study that identified twenty-four gene variants across twenty genes that affect facial structure <journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1004224>. The researchers then used DNA profiles from volunteers to create approximations of the volunteer’s facial structure. In addition to having numerous potential forensic and law-enforcement applications, this technology could assist genealogists who are recreating the appearance of long-dead ancestors. Facial structure estimates could be combined with other physical information mined from the DNA sequence, including eye color, hair color, height, skin color, and other physical characteristics, to create a composite image of the ancestor. The DNA information could also be supplemented with cultural and socioeconomic information to predict hair styles and other features.

In another example, AncestryDNA <www.ancestry.com/dna> announced in 2014 that it had successfully recreated significant fragments of the genome of David Speegle (1806–1890) and his two wives, Winifred Cranford and Nancy Garren. This was accomplished by analyzing the DNA of hundreds of Speegle’s descendants through his twenty-six children and piecing together shared segments of DNA using two different methods. With many children between the two marriages during his lifetime, David and his spouses were excellent candidates for reconstruction given the number of living descendants who all potentially carry a piece of their DNA. Indeed, according to Speegle’s obituary in 1890, he had at least three hundred descendants at the time of his death, suggesting why DNA from David Speegle and his wives was so prevalent in the AncestryDNA database.

Using these recreated partial genomes, AncestryDNA analysts learned that David or one of his wives had a gene variant that increases the likelihood of male pattern baldness, and that David had at least one copy of the gene variant for blue eyes.

Artifact Testing

Not only is the DNA of our ancestors inside us, it might be all around us! Under the proper conditions, DNA can be remarkably stable. Every year, thousands of genomes are sequenced that are hundreds or thousands of years old. These genomes are often extracted from teeth or bones found at ancient burial sites. However, more recent DNA can potentially be extracted and analyzed from everyday “artifacts”—items our ancestors might have owned and left DNA samples on, such as envelopes, stamps, hairbrushes, and toothbrushes. These DNA samples can be analyzed for genealogical purposes in a process known as artifact testing.

The first artifact extraction companies specifically targeting the genealogical community launched in 2018, and more are likely to appear. One company called totheletterDNA <www.totheletterdna.com> is based in Australia and offers DNA extraction and analysis services for envelopes. If DNA is successfully extracted, totheletterDNA will analyze that DNA using a SNP chip (as the testing companies do). That DNA profile can be uploaded to GEDmatch or used with other third-party tools for analysis. A DNA profile generated by this process will largely be the same as any other DNA profile created by SNP chip testing, and thus can be used for matching, ethnicity analysis, chromosome mapping, and more.

There are, of course, many limitations associated with artifact testing. Early adopters must be aware that there is no guarantee that an ancestor’s DNA is found on/in an item, and no guarantee that extracted DNA will be of sufficient amount or quality to be analyzed. If there is enough DNA of sufficient quality, the testing company can perform SNP chip or other types of sequencing. Note that you can expect any sample sent to a testing company will be destroyed as part of the testing process.

One of the biggest concerns about artifact testing is that the suspected source of the extracted DNA won’t be the actual source of the extracted DNA. In other words, a genealogist will test an envelope mailed by a great-great-grandmother, but the source of the DNA will turn out to be her child, a neighbor, or a postmaster that licked the envelope or stamp for the ancestor. Although frustrating, this is not a significant issue, as it will be clear that the DNA is either not from an ancestor (i.e., the DNA won’t match) or is from a different ancestor/relative than expected (i.e., the amount of shared DNA is incorrect). And if the DNA isn’t from the expected individual, researchers can usually identify the source of the mystery DNA through conventional DNA methodologies. Indeed, having a mystery DNA profile is (in some ways) no different than assisting an adoptee in finding their biological family.

Artifact testing also raises ethical concerns. As with any technology, artifact testing can be abused, but a set of guidelines can help prevent bad actors or careless genealogists from unethically using genetic samples. For example, genealogists should never use artifact testing services to test a living individual without that person’s explicit informed consent. Such a use would be extremely unethical and would threaten the entire industry. As another example, genealogists should only test artifacts that they either own or have permission to test. Additionally, if DNA from a living person is inadvertently obtained by testing an artifact, that DNA should be deleted immediately upon discovering the issue. Testing in a highly ethical and responsible manner ensures that everyone will be able to benefit from these services.

Artifacts that were stored in a dry, cool place are more likely to provide useful DNA. Accordingly, to store an artifact for possible future testing, keep the artifact in a cool dry place such as a paper bag (rather than a plastic bag). Touch the artifact as little as possible, as the risk of contamination is high.

Generating Family Trees

So what could atDNA advancements do for your documented family research? In theory, once the genomes of hundreds or thousands of seventeenth-, eighteenth-, or nineteenth-century ancestors are created and collated into a massive family tree, they can be used to recreate portions of the family tree of modern-DNA test takers using just the results of a DNA test. This is done by first identifying potential ancestors based on the results of an atDNA test, then by fitting those identified ancestors into a family tree for the test taker. This might be augmented, for example, by any known genealogy for the test taker.

Family tree prediction or reconstruction is possible because identified ancestors will only fit together into a family tree in a limited number of ways. For example, let’s assume you’ve taken an atDNA test and the testing company has identified twenty ancestors using only its database of reconstructed ancestors and your DNA test results. Statistically speaking, there are a limited number of ways to collate those twenty ancestors into a single family tree; only a limited number of lines of descent lead from all of these twenty different ancestors to you. A future service could suggest having a certain relative tested (e.g., “We suggest having a descendant of your great-grandfather—your second cousin—tested to further refine your reconstructed family tree”), or ask you a series of questions to more accurately resolve the conflicts in the tree (“What was your maternal grandmother’s name?” “What was your great-grandmother’s name and date of birth?,” and so on). By asking for user feedback, the program could select the most likely path of descent from your twenty ancestors to you and construct a likely family tree based on that information.
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Future test takers, like Client B6429 could theoretically construct family trees based on the segments of DNA they hold, inheritance patterns, and other factors.



In the example shown in image B, Client B6429 possesses segments of DNA from four different reconstructed genomes. This information is used to create a reverse or reconstructed family tree with the identified ancestors mapped to it in the most likely configuration based on the size of the segments, established genealogies, and several other factors.

This reconstructed family tree process could also be used alongside traditional genealogical research, and in fact is used for identifying the families of adoptees. For example, a genealogist who knows a client is descended from ten people could easily recreate the probable family tree of that individual. Rather than creating a family tree entirely from scratch, the program pieces together portions of existing family trees in the database to generate possibilities for the client. While the most recent three to five generations might have to be filled in by the client (since these generations are the least likely to be included in the company’s database), much of the tree could be completed based only on the DNA results.

There are, of course, many caveats with this method, and any computer-generated family tree should be confirmed by traditional research. Poor-quality trees, for example, will present a major challenge to this process, although they will not provide a complete stumbling block. Indeed, DNA evidence will likely ameliorate poor-quality trees to a significant extent. In addition to poor-quality trees, well-researched and well-documented family trees can be incorrect due to otherwise undetectable misattributed parentage events such as adoption, name change, or infidelity. These trees can also be detected and analyzed using the methods described above.

In addition, possessing DNA from a reconstructed genome does not automatically mean that the test taker is descended from the person who possessed that genome. Instead, the test taker may only be related to that person. For example, the test taker may descend from the relatively unknown brother of John Smith who has very few living descendants, instead of being a descendant of John Smith himself. The test taker could still possess any of the DNA hypothesized to be from John Smith. While the methods described above will likely ultimately focus on characterizing the genomes of “branch point ancestors” (such as immigrants, founders of unique haplotypes, and others) to avoid this problem, the existence of unknown or lesser known relatives of the branch point ancestor will temporarily throw a monkey wrench in the process.

Despite these caveats, ancestor and family tree reconstruction is likely to have an enormous impact on genealogical research in the next few decades, providing valuable ancestral information to users (especially adoptees).

Creating DNA-Only Ancestors

In the very near future, DNA from genetic cousins will be used to recreate the genomes of unknown ancestors who reside completely behind brick walls. While traditional research will often be able to provide a potential identity for the recreated genome, the individual will sometimes forever be known only by his reconstructed DNA. The DNA of these “DNA-Only Ancestors” is dispersed among living descendants, and some of it is already found within the testing companies’ databases.

As we saw with the Speegles, it is possible to recreate at least a portion of an ancestor’s genome if there are enough descendants. This process is greatly simplified if the family trees of those descendants are known and well researched. However, it will still be possible to use the DNA of descendants of an ancestor who is not known to recreate portions of that unknown ancestor’s genome.

Let’s assume, for example, that a group of individuals trace their particular family tree to Akron, a small town in upstate New York in the early 1800s. The lines all end there with no known shared ancestor, and there are no traditional paper clues or shared surnames. However, all of these families are genetically related to one another, and based on their extensive research, they don’t appear to share any other lines. If traditional research is exhausted, how can these relatives learn about their common ancestor?

Using the most advanced atDNA techniques, the DNA shared among the descendants could be assigned to an ancestor or ancestral couple (image C). The recreated partial genome will then provide other information about the DNA-only ancestor, such as predicted eye color, hair color, medical conditions, and traits. It could also be used to find other descendants or relatives.
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Shared DNA from suspected descendants could one day be combined to piece together information about an ancestral couple.



Indeed, once a potential DNA-only ancestor is identified, some clues could help identify the name of the ancestor, such as inherent phenotypic information (a medical problem, for example) or other relatives who now show as a match because of the recreated genome (a Johnson with a strong oral record for a family in the same town, for example). Seeing a scholarly article in a national genealogy journal with the title “Pinpointing the Likely Identity of a DNA-Reconstructed Ancestor in Akron, New York,” is not as far away as you might think.

While it would be ideal to identify the name and family of the DNA-only ancestor, it will be impossible for many. This is especially true for regions, time periods, and communities in which records were too sparse for such identification, such as eighteenth- and nineteenth-centuries in Ireland, African-American communities, Native American communities, and so on. For each of these regions, there will be many different DNA-only ancestors. While we may not know their names, we can fill in those gaps with any pieces of information we do have or complement the DNA-only identification with historical events or the life of a common individual in that time frame. For example, the profile for a DNA-only ancestor might look something like this:


	AkronNY-1800s-Male-1: Likely lived in Akron, South County, New York, between approximately 1800 and 1820. Had at least three children, probably daughters. Akron was first settled in 1797, so AkronNY-1800s-Male-1 was likely an early settler of the town, which prospered during its first two decades. Earliest known descendants are grandchildren Susannah (Unknown) Smith, Rebekah (Unknown) Mullen, and Sarah (Unknown) Johnson. AkronNY-1800s-Male-1 was of Irish descent and had blue eyes.



Although this example focuses on someone who was suspected of existing in a particular time and place, it will also be possible to recreate the genomes of individuals who were previously completely unknown to history and for which there are no paper or oral records of any kind.

Epigenetic Testing

All current DNA testing for genealogy looks at the sequence of nucleotides A (adenine), T (thymine), C (cytosine), and G (guanine) along a chromosome or the mitochondrial genome. However, DNA comprises significant amounts of information beyond the order of A, T, C, and G. For example, in order to be a manageable size within the nucleus of the cell, DNA is packaged into a tight structure called chromatin, a complex bundle of DNA and packaging proteins. Some of the chromatin—called heterochromatin—is highly packaged and not actively used by the cell. Other portions of the chromatin—called euchromatin—are less tightly packaged and can be used by the cell. The packaging proteins themselves can be modified to affect how tightly packaged—and thus how active—portions of the genome are. In addition, the DNA itself can be tagged with chemical groups such as “methyl groups” that affect the accessibility and/or activity of that DNA (image D). Together, these epigenetic mechanisms have a direct and important impact on DNA activity.

Research has shown that at least some of the epigenetic structure of the DNA is likely inherited from one generation to the next <www.discovermagazine.com/2013/may/13-grandmas-experiences-leave-epigenetic-mark-on-your-genes>. For example, preliminary studies have suggested that people who experience trauma as a child—or had a parent or grandparent who experienced trauma—have different epigenetic profiles than those who did not experience similar trauma.
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Epigenetic mechanisms, which control how genetic information is bound together in methyl groups that are arranged into chromatin, are beyond the scope of this book. However, future advancements in technology could uncover if and how this information can be useful to genealogists. Courtesy the National Institutes of Health.



If the epigenetic structure of DNA is indeed inherited, it can be utilized for genealogical analysis. Although it is currently unclear whether epigenetic structure is stable and inherited for more than a handful of generations, it appears from current research that this epigenetic structure will at least be useful for examining recent and close relationships. For example, when determining whether someone is an aunt or half-sibling—or a third cousin versus a second cousin twice removed—epigenetic information might provide enough additional information to differentiate between possible relationships.

Additionally, epigenetic information might be useful to learn about the life experiences of our ancestors. There may be epigenetic markers of trauma (or of contentment) that have been inherited through generations. Once we assign a segment of DNA to an ancestor, for example, we might be able to characterize the epigenetics of that segment of DNA to learn about that ancestor or ancestral line.

Whether it is used only to differentiate between close cousin relationships or to learn about the life experiences of our ancestors, epigenetic analysis will almost certainly form an important part of genealogy testing in the near future.

Other Advances in Genetic Genealogy

The developments discussed in this chapter are just some of the potential new tests or techniques that will benefit genealogists over the next few years. Of course, other improvements that will occur are impossible to predict.

Another, less predictable potential development in the field of genetic genealogy is improved cousin identification and characterization using both new testing technology such as whole-genome sequencing and massive family trees linked to DNA. For example, in the near future, cousins will likely be identified not only as a potential cousin, but as a statistically-likely genealogical relationship, complete with an identified common ancestor. AncestryDNA’s New Ancestor Discoveries attempts to do this, although it is an early version of this kind of technology.

Another area of development will be the increased use of DNA by lineage societies. As DNA becomes an increasingly important piece of genealogical evidence, it will continue to be adopted as evidence by lineage societies. The Daughters of the American Revolution, for example, announced a re-vamped DNA policy in 2013 that allows for limited uses of Y-DNA <www.dar.org/national-society/genealogy/dna-and-dar-applications>. Other organizations such as the Sons of the American Revolution (SAR) are also allowing DNA evidence to prove or support membership claims. In the future, additional results from these and other types of DNA tests might be available to create potential lineage lines for society members, particularly as genealogists continue to demonstrate the power and efficacy of DNA testing for genealogy. Additionally, at some point, DNA evidence alone might be sufficient for membership, either because the DNA adequately establishes descent from an ancestor who qualifies for membership or because the lineage society itself is based on the DNA of particular ancestors.


CORE CONCEPTS: THE FUTURE OF GENETIC GENEALOGY

• Genetic genealogy is still a new field of scientific research. Future developments in both DNA testing technology and DNA analysis methodologies promise to add important new information to genealogical research.

• Improvements in Y-DNA sequencing will enable the discovery of new genealogically relevant Y-STRs and Y-SNPs to test and could enable even more refined estimates of paternal relationships.

• Affordable whole-genome sequencing of atDNA will allow for refined relationship predictions.

• Genealogists will recreate significant portions of their ancestors’ genomes, revealing information about their lives, health, and physical appearance. Eventually, genealogists will be able to estimate the facial structure of ancestors.

• Some of these recreated genomes will belong to DNA-only ancestors who do not have a name or identity associated with them due to a lack of traditional genealogical records.

• Genealogists will be able to reconstruct portions of family trees from just the results of a DNA test, in conjunction with vast databases that combine family trees and DNA.

• Genealogists will use epigenetic testing to examine recent genealogical relationships and possibly to learn about the lives of our ancestors.

• Lineage societies will increase their acceptance of DNA evidence, and some may even rely entirely on DNA evidence.




Glossary

Genetic genealogy has a number of terms that may be unfamiliar to genealogists who haven’t dabbled in DNA testing. To help you unpack these terms, this section contains a glossary of key terms used throughout the book, featuring a brief definition and a reference to the chapter in which the term first appears. Note these key terms may also appear in chapters other than the one referenced here.

admixture: Combination of different genetic lineages, usually with different geographic origins (chapter 9)

ancestral: Designation indicating the test taker has an ancestral SNP value (i.e., no mutation) at a particular location (chapter 5)

autosomal DNA (atDNA): One of the four kinds of DNA useful to genealogists, found in the nucleus and comprising the twenty-two non-sex chromosomes (chapter 1)

autosome: One of the twenty-two non-sex chromosomes in the human genome (chapter 4)

Cambridge Reference Sequence (CRS): The first mtDNA sequence published; the long-time standard against which all test takers’ mtDNA are compared (chapter 6)

cell: The basic unit of life that uses DNA to control the vast majority of its functions (chapter 1)

chromatin: Tight bundle of DNA and proteins that forms chromosomes; could be subject of future DNA testing (chapter 12)

chromosome: A highly organized and packaged DNA molecule (chapter 1)

chromosome browser: Tool that lets test takers see exactly what segment(s) of their chromosomes are shared with another test taker (chapter 4)

chromosome mapping: A process in which a test taker determines which pieces of DNA he inherited from which ancestors (chapter 8)

chromosome pair: Two copies of a chromosome, one copy inherited from each parent (chapter 1)

coding region (CR): Region of mtDNA that contains genes and instructions for the cell and thus rarely changes; has only recently been included in mtDNA testing (chapter 6)

derived: Designation indicating the test taker has a mutation at a particular SNP location (chapter 5)

DNA (deoxyribonucleic acid): A double-stranded molecule comprising two entwined strings of nucleotides and storing genetic information (chapter 1)

ethnicity estimation: Method of inferring the geographical origins of an individual’s DNA by comparing that DNA to one or more reference populations (chapter 9)

fully identical region (FIR): Portion of genome where two people share a segment of DNA on both of their chromosomes (chapter 4)

gene: A region of a chromosome that encodes for a functional product such as a protein (chapter 1)

genealogical family tree: Collection of all an individual’s ancestors, regardless of whether or not they contributed DNA to the individual (chapter 1)

genetic distance: Numerical representation of the differences or mutations between two individuals’ Y-DNA or mtDNA results (chapter 5)

genetic exceptionalism: The theory that genetic information is unique and should be treated differently than other kinds of genealogical evidence (chapter 3)

genetic family tree: Collection of genealogical ancestors who contributed DNA to a genome; a subset of the genealogical family tree (chapter 1)

genetic genealogy: The practice and study of using DNA in genealogical research (chapter 1)

Genetic Genealogy Standards: Set of ethical principles and best-practices established by an ad hoc committee of scientists and genealogists (chapter 3)

half-identical region (HIR): Portion of genome where two people share a segment of DNA on just one of their two chromosomes (chapter 4)

haplogroup: Group of individuals who share several genetic mutations as well as a common (usually ancient) ancestor; exist on two genetic lines: mtDNA and Y-DNA (chapter 5)

haplotype: The collection of specific marker results that characterize a test taker (chapter 5)

heteroplasmic: Containing more than one sequence of mtDNA within a cell or organism (chapter 6)

homoplasmic: Containing only one sequence of mtDNA within a cell or organism (chapter 6)

hypervariable control region 1 (HVR1): One of the two regions of mtDNA that frequently undergoes changes between generations and thus is often sampled in mtDNA testing (chapter 6)

hypervariable control region 2 (HVR2): One of the two regions of mtDNA that frequently undergoes changes between generations and thus is often sampled in mtDNA testing (chapter 6)

karyotype: All of the chromosome pairs in a human cell arranged in a numbered sequence from longest to shortest (chapter 1)

marker: An assigned, commonly tested region of DNA (chapter 2)

meiosis: A specialized process in which cells divide as eggs and sperm are created for reproduction (chapter 4)

mitochondria: Energy-producing units that live within cells and are inherited from the mother; mtDNA is found here (chapter 1)

mitochondrial DNA (mtDNA): One of the four kinds of DNA useful to genealogists, found in the mitochondria of a cell and always inherited from the mother (chapter 1)

most recent common ancestor (MRCA): The ancestor who is shared by two or more individuals and was born most recently (chapter 5)

mtDNA sequencing: One of the two kinds of mtDNA testing; examines part or all of an mtDNA nucleotide base pairs (chapter 6)

mutation: Any variance in DNA that occurs between individuals or between an individual and a reference sequence (chapter 5)

non-coding regions: Portions of the human genome that do not contain information necessary to RNA (ribonucleic acid) or protein development (chapter 1)

non-paternal events: Events or circumstances that lead to an unexpected break in a genetic line, such as adoption, name change, or infidelity (chapter 2)

nonsister chromatids: Copies of non-identical chromosomes that have been duplicated during meiosis; any crossover/recombination between these two results in distinguishable mutations in the DNA (chapter 4)

nucleotide: The four different building blocks of a DNA molecule: adenine, cytosine, guanine, and thymine (chapter 1)

nucleus: Control center of cells, where most DNA is found (chapter 1)

phasing: Method of separating an individual’s DNA into the DNA inherited from the mother and the DNA inherited from the father (chapter 9)

recombination: Process by which chromosome pairs exchange genetic material, leading to variations between generations (chapter 4)

Reconstructed Sapiens Reference Sequence (RSRS): Recent effort to represent a single mtDNA genome of all living humans; one of the standards against which test takers’ mtDNA is compared (chapter 6)

reference population: Group(s) of people to whom test takers’ results are compared (chapter 2)

revised Cambridge Reference Sequence (rCRS): An update to the CRS; commonly used as the standard against which test takers’ mtDNA is compared (chapter 6)

segment triangulation: Method of tracing one or more segments of an individual’s DNA back to a specific ancestor or ancestral couple by comparing the DNA to that of two or more genetic relatives who all share the same segment of DNA and ancestor (chapter 10)

shared match triangulation: Also called shared match clustering, a technique used to tentatively identify an ancestor (or ancestral couple) who is responsible for the shared DNA among three or more of his descendants; requires using DNA as well as traditional genealogy research (chapter 10)

single nucleotide polymorphism (SNP): Single nucleotide in the DNA sequence that can differ between individuals in a population (chapter 4)

sister chromatids: Identical copies of a chromosome that has been duplicated during meiosis (chapter 4)

SNP testing: One of the two kinds of mtDNA testing; examines specific locations (SNPs) along the circular mtDNA molecule (chapter 6)

subclade: Subgroup of a haplogroup, defined by one or more SNP mutations (chapter 5)

whole-genome sequencing: Testing that examines all of an individual’s DNA (chapter 4)

X-chromosomal DNA (X-DNA): One of the four kinds of DNA useful to genealogists, found on the X chromosome (chapter 1)

X chromosome: One of the two sex chromosomes that determine gender, among other traits; two X chromosomes (one inherited from each parent) result in the individual being female (chapter 7)

Y-chromosomal DNA (Y-DNA): One of the four kinds of DNA useful to genealogists, found on the Y chromosome that only males have and are inherited only from the father (chapter 1)

Y-chromosome: One of the two sex chromosomes that determine gender, among other traits; one X chromosome (inherited from the mother) and one Y chromosome (inherited from the father) result in the individual being male (chapter 5)

Y-SNP testing: One of the two kinds of Y-DNA testing; examines specific locations (SNPs) along the Y-chromosome (chapter 5)

Y-STR testing: One of the two kinds of Y-DNA testing; examines short, repeating sequences of DNA (STR, or short tandem repeat) along the Y-chromosome (chapter 5)


A
Comparison Guides

There is no one-size-fits-all DNA testing plan, and for most of us the expense of DNA testing is a constant consideration. Although the cost of DNA testing has steadily declined, using multiple test types (or testing multiple people) still results in a considerable expense. If cost were not a factor, I would recommend a full mtDNA test, a 111-marker Y-DNA test (for males), and autosomal DNA tests at 23andMe <www.23andme.com>, AncestryDNA <www.dna.ancestry.com>, Family Tree DNA <www.familytreedna.com>, LivingDNA <www.livingdna.com>, and MyHeritage DNA <www.myheritage.com/dna>.

But because cost is a factor for most researchers, you’ll need to be deliberate in selecting how you’re going to allocate your resources. This section (containing a choosing-your-DNA-test flow chart, a table comparing the four major types of testing, and a chart comparing the features of the testing companies) is designed to help you select both a test and a testing company to accomplish your research goals and give you the largest bang for your buck.

The flowchart is a basic decision-making guide. It cannot cover all possible scenarios, and should not trump advice you’ve received from a company or someone with DNA testing experience. But if you have no idea where to start—and no one to ask—this flowchart will give you an idea of what test or tests you should pursue with just a few simple questions:


	Are you testing to answer a specific genealogical question? In other words, are you testing to examine a specific relationship, brick wall, or mystery? If so, then you might require a more specific test such as a Y-DNA test (if it is a Y-DNA line) or an mtDNA test (if it is an mtDNA line). If not, and you’re more interested in the general aspects of DNA testing, you should most likely start with an autosomal-DNA (atDNA) test. Not long ago, every genealogist would have recommended starting with a Y-DNA or mtDNA test. Now, however, there is far more to work with once you receive your autosomal-DNA test results. Once you’ve explored your atDNA and want to experiment with more DNA testing, I recommend trying a Y-DNA test, then an mtDNA test.

	Are you an adoptee? If yes, you should take an atDNA test. If you’re a male adoptee, then you should also consider a Y-DNA test.

	Are you testing yourself? If yes, then you should consider an atDNA test at 23andMe, AncestryDNA, Family Tree DNA, Living DNA, and/or MyHeritage DNA. If you’re asking someone else to test, then proceed to the next question.

	Is future testing a possibility? If you’re asking another person to test and you’d like to have the sample available for future testing, especially if there is a possibility that the DNA provider won’t be available, then consider testing with Family Tree DNA (or collecting a sample to be stored by Family Tree DNA) in addition to testing at other companies. Family Tree DNA will store the remaining sample for future testing.
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B
Research Forms

While it can be tempting to jump into research and cousin matching as soon as you’ve received your DNA results, you’ll benefit from more careful and thorough analysis of your potential matches, web searches, and ancestral lines. This section contains a number of forms to help you analyze your research and keep your findings in order.


	Relationship Chart: Figure out how you’re related to another person based on your most recent common ancestor.

	Surname Worksheet: Record important surname information for easy reference.

	DNA Cousin Match Worksheet: Document your confirmed DNA cousins.

	Match Relationships Worksheet: Determine how you and potential matches relate.

	Five-Generation Ancestor Chart: Trace your family tree back five generations.

	Family Group Sheet: List all you know (and discover) about a particular family.

	Research Log and Planner: Track what you’ve accomplished in your research—and what you still need to do.

	Ancestor Worksheet: Record information about individual ancestors.




[image: ]

View a text version of this Worksheet
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View a text version of this Worksheet
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View a text version of this Worksheet
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View a text version of this Worksheet
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View a text version of this Worksheet
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View a text version of this Worksheet




[image: ]

[image: ]

View a text version of this Worksheet




C
More Resources

A genealogist’s education is never complete. If you’ve mastered the subject matter in this book, I recommend that you find other resources to explore. The best way to learn about the use of DNA evidence for genealogy is to test yourself and family members, and work with the results as much as possible. In addition to testing, here are a few of the best resources available to genealogists interested in learning more about DNA.

Here are just a few blogs, websites, forums, and mailing lists dedicated to DNA evidence. In addition to these resources, DNA is now an essential topic at every genealogy conference in the United States, be sure to attend local conferences as well.

ISOGG Wiki

The International Society of Genetic Genealogy (ISOGG) Wiki <www.isogg.org/wiki/Wiki_Welcome_Page> is an essential resource for genetic genealogists. Although it is a Wikipedia-style source of information curated by volunteers, it contains some of the most sophisticated and detailed analysis of topics related to DNA evidence. The following pages, for example, are required reading for genealogists:


	Autosomal-DNA statistics <www.isogg.org/wiki/Autosomal_DNA_statistics>

	Autosomal-DNA testing comparison chart <www.isogg.org/wiki/Autosomal_DNA_testing_comparison_chart>

	Ethics, guidelines, and standards <www.isogg.org/wiki/Ethics,_guidelines_and_standards>

	Identical by descent <www.isogg.org/wiki/Identical_by_descent>



Books

In addition to the book you’re holding in your hand (or reading on your screen!), several other books cover the fundamentals of DNA evidence for genealogy or the impact of DNA testing.


	Emily D. Aulicino, Genetic Genealogy: The Basics and Beyond (AuthorHouse, 2013).

	Blaine T. Bettinger and Debbie Parker Wayne, Genetic Genealogy in Practice (National Genealogical Society, 2016).

	David R. Dowell, NextGen Genealogy: The DNA Connection (Libraries Unlimited, 2014).

	Paul Joseph Fronczak and Alex Tresniowski, The Founding: The True Story of a Kidnapping, a Family Secret, and My Search for the Real Me (Howard Books, 2017).

	Bill Griffeth, The Stranger in My Genes: A Memoir (New England Historic Genealogical Society, 2016).

	Richard Hill, Finding Family: My Search for Roots and the Secrets in My DNA (Familius, 2017).

	Debbie Kennett, DNA and Social Networking: A Guide to Genealogy in the Twenty-first Century (The History Press, 2011).

	Israel Pickholtz, Endogamy: One Family, One People (Colonial Roots, 2015)

	Tamar Weinberg, The Adoptee’s Guide to DNA Testing: How to Use Genetic Genealogy to Discover Your Long-Lost Family (Family Tree Books, 2018).



Blogs

Blogs are a great way to stay on top of the latest developments in the field. Here is an essential list of the best blogs for genetic genealogists. Although many are not updated frequently, they all contain archives full of rich information.


	23andMe Blog <blog.23andme.com>

	All My Foreparents <allmyforeparents.blogspot.com> by Israel Pickholtz

	AncestryDNA Blog <blogs.ancestry.com/ancestry/category/dna>

	Barton Lewis’s Genealogy Pages <www.bartonlewis.com/DNA.html> by Barton Lewis

	Counting Chromosomes <www.casestone.com/threlkeld/blog> by Edison Williams

	Cruwys News <cruwys.blogspot.com> by Debbie Kennett

	Deb’s Delvings in Genealogy <debsdelvings.blogspot.com> by Debbie Parker Wayne

	DNA and Family Tree Research <dnaandfamilytreeresearch.blogspot.com> by Maurice Gleeson

	DNAeXplained—Genetic Genealogy <www.dna-explained.com> by Roberta Estes

	Dr D Digs Up Ancestors <blog.ddowell.com> by David R. Dowell

	The DNA Geek <thednageek.com/blog> by Leah Larkin

	DNA Sleuth <dnasleuth.wordpress.com/blog> by Ann Raymont

	The Enthusiastic Genealogist <theenthusiasticgenealogist.blogspot.com> by Dana Leeds

	Genealem’s Genetic Genealogy <genealem-geneticgenealogy.blogspot.com> by Emily Aulicino

	Genealogy Junkie <www.genealogyjunkie.net/blog> by Sue Griffith

	GenGenAus <www.gengenaus.com> by Cate Pearce

	Genie1: DNA & Genealogy <www.genie1.com.au> by Louise Coakley

	The Genetic Genealogist <www.thegeneticgenealogist.com> by Blaine T. Bettinger

	Hartley DNA & Genealogy <www.jmhartley.com/HBlog> by Joel Hartley

	Kitty Cooper’s Blog: Musings on Genealogy, Genetics, and Gardening <blog.kittycooper.com> by Kitty Cooper

	The Lineal Arboretum <linealarboretum.blogspot.com> by Jim Owston

	Radiant Roots, Boricua Branches: Musings on my tri-racial black and Puerto Rican ancestry <www.radiantrootsboricuabranches.com> by Teresa Vega

	Roots & Recombinant DNA <www.rootsandrecombinantdna.com> by TL Dixon

	Segment-ology <www.segmentology.org> by Jim Bartlett

	Through the Trees <throughthetreesblog.tumblr.com> by Shannon Christmas

	Your DNA Guide <www.yourdnaguide.com> by Diahan Southard

	Your Genetic Genealogist <www.yourgeneticgenealogist.com> by CeCe Moore



Forums and Mailing Lists

Forums and mailing lists encourage interaction, questions, and conversation. Many of these forums and mailing lists can be set up such that you can monitor them without receiving numerous daily emails. Although activity on mailing list platforms such as RootsWeb have quickly declined over the past few years, social media interaction has grown at a steady rate.


	DNAAdoption (Google Groups) <groups.google.com/forum/#!forum/DNAAdoption/join>

	DNA Detectives (Facebook) <www.facebook.com/groups/DNADetectives>

	DNAGedcom User Group (Facebook) <www.facebook.com/groups/DNAGedcomUserGroup>

	DNA Newbie (Facebook) <www.facebook.com/groups/dnanewbie>

	DNA-Newbie (Yahoo! Groups) <groups.yahoo.com/neo/groups/DNA-NEWBIE/info>

	DNA Painter User Group (Facebook) <www.facebook.com/groups/dnapainter>

	DNA Painter: What Are The Odds? (WATO) <www.facebook.com/groups/WhatAretheOdds>

	Family Tree DNA Forums (Family Tree DNA) <forums.familytreedna.com>

	Family Tree DNA User Group (Facebook) <www.facebook.com/groups/FTDNAUserGroup>

	Genealogy—DNA mailing list (RootsWeb) <lists.rootsweb.ancestry.com/postorius/lists/genealogy-dna.rootsweb.com>

	International Society of Genetic Genealogy—ISOGG (Facebook) <www.facebook.com/groups/isogg>

	International Society of Genetic Genealogy—ISOGG (Wiki) <www.isogg.org/wiki/Genetic_genealogy_mailing_lists_and_Facebook_groups>

	GEDmatch.com User Group (Facebook) <www.facebook.com/groups/gedmatchuser>

	Genetic Genealogy Tips & Techniques (Facebook) <www.facebook.com/groups/geneticgenealogytipsandtechniques>

	Genome Mate Pro (Facebook) <www.facebook.com/groups/816785941743656>

	Y-DNA Project Administrators (Facebook) <www.facebook.com/groups/43927947190>
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WORKSHEETS

Relationship Chart

Instructions:


	Identify the most recent common ancestor of the two individuals with the unknown relationship.

	Determine the common ancestor’s relationship to each person (for example, grandparent or great-grandparent).

	In the topmost row of the chart, find the common ancestor’s relationship to cousin number one. In the far-left column, find the common ancestor’s relationship to cousin number two.

	Trace the row and column from step 3. The square where they meet shows the two individuals’ relationship.




THE MOST RECENT COMMON ANCESTOR IS COUSIN NUMBER ONE’S ...

	THE MOST RECENT COMMON ANCESTOR IS COUSIN NUMBER TWO’S ...




	parent

	grandparent

	great-grandparent

	great-great-grandparent

	third-great-grandparent

	fourth-great-grandparent

	fifth-great-grandparent

	sixth-great-grandparent




	siblings

	nephew or niece

	grandnephew or -niece

	great- grandnephew or -niece

	great-great- grandnephew or -niece

	third-great- grandnephew or -niece

	fourth-great- grandnephew or -niece

	fifth-great- grandnephew or -niece




	nephew or niece

	first cousins

	first cousins once removed

	first cousins twice removed

	first cousins three times removed

	first cousins four times removed

	first cousins five times removed

	first cousins six times removed




	grandnephew or -niece

	first cousins once removed

	second cousins

	second cousins once removed

	second cousins twice removed

	second cousins three times removed

	second cousins four times removed

	second cousins five times removed




	great- grandnephew or -niece

	first cousins twice removed

	second cousins once removed

	third cousins

	third cousins once removed

	third cousins twice removed

	third cousins three times removed

	third cousins four times removed




	great-great- grandnephew or -niece

	first cousins three times removed

	second cousins twice removed

	third cousins once removed

	fourth cousins

	fourth cousins once removed

	fourth cousins twice removed

	fourth cousins three times removed




	third-great- grandnephew or -niece

	first cousins four times removed

	second cousins three times removed

	third cousins twice removed

	fourth cousins once removed

	fifth cousins

	fifth cousins once removed

	fifth cousins twice removed




	fourth-great- grandnephew or -niece

	first cousins five times removed

	second cousins four times removed

	third cousins three times removed

	fourth cousins twice removed

	fifth cousins once removed

	sixth cousins

	sixth cousins once removed
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Surname Worksheet



	Surname

	 
	Soundex Code




	Meaning

	



	Spelling Variations

	



	Possible Transcription Errors

	






	Surname

	 
	Soundex Code




	Meaning

	



	Spelling Variations

	



	Possible Transcription Errors

	






	Surname

	 
	Soundex Code




	Meaning

	



	Spelling Variations

	



	Possible Transcription Errors
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DNA Cousin Match Worksheet



	Percentage Match

	Centimorgans (CM)

	Relationship

	Notes
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Match Relationships Worksheet

Use this tracker to note key clues that could help you determine how you and your genetic cousins are related.

Page 1



	
	Testing Company and Website

	Username of Match

	Estimated Relationship

	Contact Info (If Known)

	Shared Ancestral Places

	Match's Ancestors from Shared Places




	1

	 
	 
	 
	 
	 
	 



	2

	 
	 
	 
	 
	 
	 



	3

	 
	 
	 
	 
	 
	 



	4

	 
	 
	 
	 
	 
	 



	5

	 
	 
	 
	 
	 
	 



	6

	 
	 
	 
	 
	 
	 



	7
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Match Relationships Worksheet

Page 2



	
	Shared Surnames

	Match's Relative(s) with That Surname (and Relationship to User)

	Shared Ethnic Origins

	Correspondence with User, Including Dates

	Notes




	1

	 
	 
	 
	 
	 



	2

	 
	 
	 
	 
	 



	3

	 
	 
	 
	 
	 



	4

	 
	 
	 
	 
	 



	5

	 
	 
	 
	 
	 



	6

	 
	 
	 
	 
	 



	7
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Five-Generation Ancestor Chart

see chart #



	 
	 
	 
	 
	16
	 



	 
	 
	 
	8
	 
	 



	 
	 
	 
	 
	17
	 



	 
	 
	4
	birth date and place
	 
	 



	 
	 
	 
	marriage date and place
	 
	 



	 
	 
	birth date and place
	death date and place
	 
	 



	 
	 
	marriage date and place
	 
	18
	 



	 
	2
	death date and place
	9
	 
	 



	 
	 
	 
	 
	19
	 



	 
	 
	 
	birth date and place
	 
	 



	 
	birth date and place
	 
	death date and place
	20
	 



	 
	marriage date and place
	 
	10
	 
	 



	 
	death date and place
	 
	 
	21
	 



	 
	 
	5
	birth date and place
	 
	 



	1
	 
	 
	marriage date and place
	 
	 



	 
	 
	birth date and place
	death date and place
	22
	 



	birth date and place
	 
	death date and place
	11
	 
	 



	marriage date and place
	 
	 
	 
	23
	 



	death date and place
	 
	 
	birth date and place
	 
	 



	spouse
	 
	 
	death date and place
	24
	 



	 
	 
	 
	12
	 
	 



	 
	 
	 
	 
	25
	 



	 
	 
	6
	birth date and place
	 
	 



	 
	3
	 
	marriage date and place
	 
	 



	 
	 
	birth date and place
	death date and place
	26
	 



	 
	birth date and place
	marriage date and place
	13
	 
	 



	 
	death date and place
	death date and place
	 
	27
	 



	 
	 
	 
	birth date and place
	 
	 



	 
	 
	 
	death date and place
	28
	 



	 
	 
	 
	14
	 
	 



	 
	 
	 
	 
	29
	 



	 
	 
	7
	birth date and place
	 
	 



	 
	 
	 
	marriage date and place
	 
	 



	 
	 
	birth date and place
	death date and place
	30
	 



	 
	 
	death date and place
	15
	 
	 



	 
	 
	 
	 
	31
	 



	 
	 
	 
	birth date and place
	 
	 



	 
	 
	 
	death date and place
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Family Group Sheet



	Husband
	Source #




	Full Name 


	 





	Birth date _______________ Place 


	 





	Marriage date ____________ Place 


	 





	Death date ______________ Place 


	 





	Burial 


	 





	His father 


	 





	His mother with maiden name 


	 





	Wife
	 




	Full Name 


	 





	Birth date _______________ Place 


	 





	Death date ______________ Place 


	 





	Burial 


	 





	Her father 


	 





	Her mother with maiden name 


	 








	Children of this marriage

	Birth date and place

	Death and burial dates and places

	Spouse and marriage date and place




	 
	 
	 
	 



	 
	 
	 
	 



	 
	 
	 
	 



	 
	 
	 
	 



	 
	 
	 
	 






	Other Spouses
	 




	Full Name 


	 





	Marriage date and place 
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Research Planner and Log

Research question:







Known Information:









	TASK

	DONE?

	RESULT/COMMENTS

	EXPENSES
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Ancestor Worksheet

Full Name (maiden name for women): 


Social Security Number: 


Nicknames and Alternate Names : 


Surname Spelling Variations: 


Birth and Baptism

Birth Date: _______________ Birth Place: 


Baptism Date: _______________ Baptism Place: 


Marriage(s) and Divorce(s)



	Name of Spouse(s)

	Marriage Date(s)

	Marriage Place(s)




	 
	 
	 



	 
	 
	 






	Name of Spouse(s)

	Divorce Date(s)

	Divorce Place(s)




	 
	 
	 



	 
	 
	 




Death

Death Date: _______________ Death Place: 


Burial Date: _______________ Burial Church/Place: 


Obituary Date(s) and Newspaper(s): 


Military Service



	Conflict (if applicable)

	Unit

	Dates/Years




	 
	 
	 



	 
	 
	 



	 
	 
	 




Migration



	From

	To

	Departure/Arrival Dates

	Companion(s)

	Ship (if applicable)




	 
	 
	 
	 
	 



	 
	 
	 
	 
	 



	 
	 
	 
	 
	 




Personal Information

Schools Attended: 


Religion Church(es) Attended: 


Hobbies Club Memberships: 


Children



	Child’s Name

	Birth Date

	Birthplace

	Other Parent




	 
	 
	 
	 



	 
	 
	 
	 



	 
	 
	 
	 



	 
	 
	 
	 



	 
	 
	 
	 



	 
	 
	 
	 




Friends, Witnesses, and Neighbors to Research



	Name

	Relationship
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Autosomal Tools | GWorks (Gedcom)

WELCOME TO THE DNAGEDCOM TOOLS SITE.

To use this site, you must Register. Registering simply gives an ability to associate your information with your login. In the future additional
features will be added to this site and this will allow me to quickly make these features and data available to you without additional work.

If this is your first time here, please see our document What can you do on DNAGedcom?
23andMe downloads are now available as part of the DNAGedcom Client for windows. We will back port it to web in the future.

If you want help with the GWorks system, please check out the documentation at http://www.dnagedcom.com
[docs/GWorks Howto Updated.pdf

Check out the new Ancestry Download tool. You can find out more information at www.dnagedcom.com/doc/welcome-to-the-dnagedcom-
client/

For help with how to download your FTDNA data, please use this guide.

1f you are an adoptee looking for help, please visit at http://www.DNAAdoption.com

If you have any issues, please send an e-mail to support@dnagedcom.com. Thanks for your support. Please remember we are volunteers.
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You may select a report type in the drop down menu below which wil change the input options.
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Chromosome to Graph (1-22, X or blank=all) Base Pairs: to

Minimum Segment Length in cM (5 or greater STRONGLY recommended)
Minimum SNPs in a segment Display raw data in a table so it can be copied to a spreadsheet
Width of segment graph in pixels (Do not check if you want full formatting)

d ‘ [REQUIRED] Kit number of the data to be used to construct the report.
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quence with a G (guanine).
309.1C Compared to the reference sequence, the tested mtDNA has an extra C (cytosine)
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522- The tested mtDNA is missing the nucleotide found at position 522 in reference

sequence.
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Relationship Chart

Instructions:

1. Identify the most recent common ancestor of the two individuals 3. In the topmost row of the chart, find the common ancestor’s
with the unknown relationship. relationship to cousin number one. In the far-left column, find

2. Determine the common ancestor’s relationship to each person the common ancestor’s relationship to cousin number two.
(for example, grandparent or great-grandparent). 4. Trace the row and column from step 3. The square where they

meet shows the two individuals' relationship.

THE MOST RECENT COMMON ANCESTOR IS COUSIN NUMBER ONE’S ...
reat:

gre: great-great third:
giaidearent
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or-niece or-niece or-niece or-niece or-niece
z nephew first cousins first cousins first cousins first cousins first cousins first cousins first cousins
=3 or niece once removed  twice removed three times four times five times six times.
s removed removed removed removed
5
(N grandnephew  firstcousins  second cousins  second cousins  second cousins  second cousins  second cousins  second cousins
= or-niece once removed once removed  twice removed three times four times five times
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S5
3 g great- firstcousins  second cousins third cousins third cousins third cousins third cousins third cousins
d3f=d grandnephew  twiceremoved  once removed onceremoved  twice removed three times four times
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> 5
51 g great-great- first cousins second cousins third cousins fourth cousins  fourth cousins  fourth cousins  fourth cousins.
i@y grandnephew three times twice removed  once removed once removed  twice removed three times
23 or-niece removed removed
£5
15 3 third-great- first cousins. second cousins  third cousins  fourth cousins fifth cousins fifth cousins. fifth cousins.
B grandnephew four times threetimes  twice removed  once removed once removed  twice removed
£5 or -niece removed removed
&5
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[2E=d grandnephew five times four times three times twice removed  once removed once removed
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