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Lineage markers

There are thirteen core STR’s shuffled with each generation that is autosomal, meaning they get one half from mom, and the other half from dad.  The lineage markers, however, stay the same because the Y chromosome and the mitochondrial DNA do not change.  Genetic markers such as the mtDNA and Y chromosome are dubbed haplotypes. They have only one allele per individual.  Since they only have one allele, they will never be as effective as autosomal markers in the area of trying to identify two individuals.

Value of Y-chromosome analysis in human identity testing

The Y chromosome is found only in males. This is helpful for sexual assault cases where the perpetrator is male. Y chromosome tests are crucial in cases that have evidence limited by higher levels of female DNA in comparison to male DNA.  This can occur if a male is azoospermic or vasectomized.  However, being only compatible with males is also its biggest disadvantage.  So if a stain is interpreted the likelihood of the suspect’s brother, father, son, or even distant cousin of the same lineage is just as probable for contributing the sample as the suspect himself.  

Therefore, Y chromosome inclusions are not as meaningful as an autosomal match. As a rebuttal, relatives that have the same lineage marker could be an important source in cases such as missing persons and mass disaster victim identifications. Autosomal tests are always preferred.

Other applications for Y-chromosome testing

The Y chromosome has become a popular tool for tracing historical human migration patterns through male lineages. Anthropological, historical, and genealogical questions can also be answered through Y chromosome results.

Y-chromosome structure

The Y chromosome is the third smallest human chromosome and is 95% composed of highly repetitive sequences that are impossible to reliably sequence with current technology.  The two tips of the Y chromosome are known as pseudo-autosomal regions and they recombine with the homologous regions on the X chromosome.  The Y chromosome is highly duplicated and three classes have been characterized and labeled as X-transposed, X-degenerate, and ampliconic.

Different classes of Y-chromosome genetic markers

Two broad categories of DNA Markers have been used to examine Y chromosome diversity: bi-allelic and multi-allelic.  Bi-allelic loci exhibit two possible alleles, in which results are classified as haplogroups because they are typed at lower resolutions.  Meanwhile, multi-allelic results are characterized as haplotypes.

Y-STR markers minimal haplotype loci

In the 1990’s only a couple of Y-STR markers were characterized and available for use; now there are over 200 of them available in the database.  This increase is due to the availability of the human genome sequence.  In 1997 a core set of loci was selected to serve as the “minimal haplotype” loci.  With the use of a multicenter, more than 4000 male DNA samples from 48 different subpopulation groups were studied with the single copy loci in the minimal haplotype set. This formed the basis for the online Y-STR haplotype reference database. Y-STR’s are likely to dominate human identity applications in the upcoming years.

Single copy vs. multi-copy markers

Since the Y chromosome is highly duplicated, some Y-STR loci occur more than once. When amplified, some primers produce more than one PCR product. It can lead to difficulty in quantifying the number of loci present in a haplotype.

Butler 210-220 Chapter 9
Y-STR Haplotype Databases

The largest and most widely used Y-STR databases, were created by Lutz Roewer and colleagues at Humbolt University in Berlin, Germany. Information from the database is composed from 89 collaborating institutions in 36 countries. However, at the present time samples in the database do not include the additional SWGDAM recommended loci DY438 and DYS439. Both are now available in commercial Y-STR kits. 

Determining the rarity of Y-STR profile

There are three interpretations resulting from a Y-STR test: 1) the exclusion because the Y-STR profiles are different and could not have originated from the same source. 2) Inconclusive where there is insufficient data to render an interpretation. 3) Inclusion or failure to exclude as the Y-STR results from two samples that are sufficiently similar and could have originated from the same source. 

There are three approaches to evaluate the rarity of a coincidental match using Y-STR markers. 1) The counting method.. 2) A Bayesian approach. 3) The use of mismatch distribution oh haplotypes present in a reference database to evaluate how often two randomly selected haplotypes would be at a molecular distance as close as the two matched haplotypes found in the case analysis. 

The meaning of a Y-chromosome match

Due to the fact that the Y-chromosome is passed down unchanged from father to son, the observation of a match with Y-STR does not carry the power of discrimination and weight into court, as an autosomal STR match. The following statement is an example of a conservative conclusion for a matching Y-STR profile as it might be reported to the court. The statement must include the match of the Y-chromosome found at the crime scene to match a suspect. Therefore, "we cannot exclude the suspect as being the donor of the crime sample." Courts do have some baring on the match sample. Frequency estimates calculated are good but will never have the power as an autosomal STR match. 

Combining Y-STR information and autsomal DNA results

This part of the chapter discusses rarity of cases such as, fingernail scraping, a missing person’s investigation or a mass disaster reconstruction scenario. Results from both Y-STR loci and a limited number of autosomal loci may be obtained. The important question is then asked can this information be combined to increase the rarity of a match since the autosomal data by itself may not be satisfactory? 

Y-STR allele nomenclature

The DNA Commission of the International Society of Forensic Genetics made recommendations for Y-STR allelic ladders, in which include the following. 1) Alleles should span the distance of known allelic variants for a particular locus. 2) Rungs of the ladder should be one repeat unit apart wherever possible. 3) Alleles present in the ladder should sequenced. 4) Ladders should be widely available to enable reliable inter-laboratory comparisons. 

Mutation rates with Y-STR markers

Many studies have focused on the minimal haplotype loci. Two different approaches have been used that include deep-rooted pedigrees and male germ line transmissions from confirmed father and son pairs. The mutation rates for Y-STRs are in the same range as the autosomal STRs. A compilation of various studies reveal, compound repeat locus DSY390 is the most likely to mutate with DYS392 being the least likely to change. 
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Y-SNP and bi-allelic markers

Y-SNPs, do not have a higher power of discrimination in DNA typing. However, Y-SNPs can be useful in human migration studies that enable evaluation of major differences between population groups. These alleles are designated as either “ancestral” or “derived” and recorded in a simple binary format of 0 or 1.

The Y Chromosome Consortium unified for Y Haplogroups

Y Chromosome Consortium (YCC) was introduced by a group of scientist’s led by Michael Hammer from the University of Arizona. The “YCC Tree” is commonly used to describe the position of almost 250 bi-allelic markers in differentiating 153 different haplogroups. 

Historical and genealogical studies with the Y chromosome

Y chromosome testing addresses interesting historical questions, such as the claim Thomas Jefferson fathered children with Sally Hemings. After 200 years of controversy, in November 1998, Y- DNA markers found Jefferson had fathered children with a slave. There were 19 samples from different individuals that were tested using 19 different sites of the Y chromosome. All 19 regions of Y chromosome examined in the study matched between the Jefferson and Hemings descendants. 

Alternative scenarios

Samples of 25 adult male remains that lived 100 miles from Jefferson’s Monticello estate were taken. Test’s revealed Thomas Jefferson was the father of Sally’s Hemings children. One study suggested Jefferson’s brother Rudolph was possibly the father to Hemings children. Y chromosome’s might have disadvantages in DNA testing, in which results indicate a connection to a male lineage not specific to an individual, such as autosomal STR profiles. 

Surname testing and genetic genealogy

Y-STR markers are now used in DNA testing. Oxford Ancestors, family tree DNA, relative genetics and DNA heritage is used in Y-STR testing particularly for surname testing.

The future of Y chromosome testing

New commercial kits are now available to forensic scientists that use core loci in male specific amplifications. Validation studies and inter-laboratory studies are provided. Also, Y-STRs can be accessed through internet-databases and multiple studies are available.
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Mitochondrial and DNA analysis

Short Tandem Repeats (STR) are typing systems that do not always work correctly. When recovering samples mtDNA is sometimes preferred. The probability of obtaining a DNA result from mtDNA is higher than using polymorphic markers.  The primary characteristic of mtDNA is present in cells at a much higher copy number than nuclear DNA. 

Maternal inheritance of mtDNA

 For forensic and human identification purposes, human mtDNA is inherited from ones mother. At conception, only the sperm’s nucleus enters the egg and joins with the egg nucleus. The sperm does not contribute other components. Cytoplasm and other cell parts save the nucleus and consist of the mother’s original egg cell. Eggs have as many as 100,000 mtDNA molecules creating dilution for paternal mtDNA molecules that may pass in the zygote. A mother passes her mtDNA type to her children, therefore, siblings and maternal relatives have an identical mtDNA sequence. An individual’s mtDNA type is not unique to them.              

Applications for mtDNA testing

Medical scientists have linked a number of diseases to mutations in mtDNA. Evolutionary biologists examine the sequence variation to other species in an effort to determine relationships. Molecular anthropologists study differences in mtDNA sequences from global populations to examine migration and ancestry of people throughout history.
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Some, of the most intense and extensive mtDNA variations exist between people in our society. There is a displacement loop and control region of mtDNA variations. The displacement loop is also referred to as the D-Loop. Within the D-Loop, there are two separate regions. The first is known as the hypervariable region and the second is known as the hypervariable region II. There is sometimes a hypervariable region three, but it rarely occurs. 

Some of the main differences are noted from individual to individual in their nucleotide position and the altered bases. The control region has been estimated to vary anywhere from 1-2%. There are several methods that have been designed to help in the rapid screening of mtDNA. These methods have been generally used in excluding DNA samples. These methods work mainly on the hypervariable hotspots and include certain probes, as well as mini sequencing and denaturing gradient gel electrophoresis. Along with these methods there is also a reverse dot plot or, a linear array assay approach. 

Although mtDNA, is much more sensitive to basic regular DNA the potential for contamination is extremely high. Therefore, the extraction of mtDNA should be performed in an extremely clean environment. There is a greater chance of contamination when using a higher copy number per cell. It works best to extract and analyze the samples after the evidence samples are completely processed. To decrease the risk of contamination laboratories that handle mtDNA wear protective clothing such as disposable lab coats. They often change their gloves constantly during sample handling and tend to use disposable gloves. 

The use of mtDNA is typically used when there is little DNA present. Materials are often used in mtDNA analysis such as hair, teeth, and femur bones or ribs. In order, to extract the DNA from the bone an anthropological exam of the bone is usually done. When this procedure is done it is important that the section of the bone that is extracted and done with care. The anthropological tech wants to try and avoid destroying the physical aspects of the bone. This is done because of the simplicity compared to extracting DNA from a bone, they are able to examine the hair and weed out or screen the amount of evidence that can often pass through intense and time consuming steps of mtDNA sequencing. Because mtDNA is time consuming it is a last resort to use. The process of PCR amplification on mtDNA is typically done in 34-30 cycles. However, if DNA is extremely degraded, it might take as many as 42 cycles. 
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Use of small amplicons to improve amplification success on highly degraded samples

“Ancient DNA” is known with the use of mini aplicons that overlap one another, and are capable of finding abundant DNA that would other usually fail to show-up. These kinds of methods are usually used when trying to uncover information from Neanderthal bones that are thousands of years old

Use positive and negative control

Two of the most important goals of mtDNA testing are to get the maximum amount of available mtDNA data inherent to any sample, and to ”protect the integrity of the evidence by preventing contamination at any stage”. Contamination is found by using reagent blanks and negative controls. In mtDNA analysis, contamination is not that uncommon (for example, one lab tested contamination 2.4% of the time in a given year). A positive control is conducted to show that amplification reaction components are working properly.

Inter-laboratory studies

Labs that perform testing on samples show that a certain technique is reliable. Different studies using mtDNA sequencing have been tested in different labs and the same results have been demonstrated each time.

Standard reference materials for mtDNA sequence analysis

Positive controls help to demonstrate the tests are reliable.

Interpreting and reporting mtDNA results

Sequencing is performed in forward and reverse so the complementary strands can be compared in order to insure quality. The goal in testing is to have at least double coverage of every nucleotide that is assessed. Tests have been improved over the years to give even more peaks, better sensitivity, and less noise when testing. When using PCR products, two analysts must examine the results independently, interpret, and edit if necessary. Sequence matching results are used as a quality assurance measure.

Reporting differences to the revised Cambridge reference sequence
When differences are observed, the nucleotide position is cited followed by the base present at that site. Bases that cannot unambiguously be determined are usually coded “N”. Numbers are used to site where there are insertions “1", “2", deletions are marked by a dash “-“, or a D.
Nomenclature issues
Treatments of insertions and deletions vary between labs, which leads to coding the same sequences differently. The FBI made recommendations to make consistent length variants.

1) Characterize profiles using the least number of differences from the reference sequence and

2) If there is more than one way to maintain the same number of differences with respect to the reference sequence differences should be prioritized in a certain order.
Interpretation of results
Question samples that are marked by a “Q”, known samples by a “K” in comparing two sequences that will either result in a perfect match or not. However, certain guidelines must be established because reading the results is not easy. SWGDAM set up the guidelines for mtDNA sequence interpretation: the three basic ones are exclusion, inconclusive and cannot exclude.

Laboratories performing mtDNA testing in the United States
(AFDIL) Armed Forces DNA Identification Laboratory, identifies the remains of military personnel, or bones recovered from Vietnam, Korea, and WWII. The FBI lab, uses forensic evidence for criminal investigations, missing persons and human identity applications
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1) Heteroplasmy – presence of more than one mtDNA type in an individual

a. two or more mtDNA populations may occur between cells in an individual, within a single cell or within a single mitochondrion

b. mtDNA mutation must spread to an appreciable frequency among a cell’s mtDNA molecules to become detectable

2) Heteroplasmy may be observed:

a. individuals may have more than one mtDNA type in a single tissue

b. individuals may exhibit one mtDNA type in one tissue and a different type in another issue

c. individuals may be heteroplasmic in one tissue sample and homoplasmic in another tissue sample

3) Sequence heteroplasmy is detected by the presence of 2 nucleotides at single site, which show up as overlapping peaks in a sequence electropherogram

4) Triplasmy is a condition, in which heteroplasmy exists at 2 sites in the same individual

5) Ratio of basics may not stay the same across different tissues, such as blood and hair or between multiple hairs

a. Some mtDNA protocols now recommend sequencing multiple hairs from an individual in order to confirm heteroplasmy

6) mtDNA is haploid – one single type exists for analysis

7) Mixed samples from more than one biological source are commonly encountered in forensic settings

a. Each individual colony produced during the process of cloning corresponds to the control region from a single individual or a single component of heteroplasmy

b. Denaturing HPLC is a possible approach to separating mtDNA mixtures

8) Pseudogenes are rare events caused by migration and integration of a portion of the mtGenome into nuclear DNA

a. Can create potential for complications in mtDNA human identity testing if they are amplified instead of the intended mtDNA target when a high number of PCR cycles are invoked to try and tease out mtDNA sequence information from a particularly difficult sample

9) No direct evidence has been submitted to support recombination within or between mtGenomes

a. There is transmission of paternal human mtDNA type in skeletal muscle, but in no other tissues

10) Some halotypes are common in various population groups

11) Screening approaches and rapid low-resolution typing assays can be easily excluded from one another due to the effort both in terms of time and labor required to obtain full sequence information from mtDNA sequencing

a. Anthropological evaluations of bones or teeth can be important first screens prior to making the effort to analyze the mtDNA sequence

12) SSO – sequence-specific oligonucleotide – widely used screening assays for assessing mtDNA variation used to date

a. The original probe assay required that PCR products be attached through UV cross-linking to nylon membrane and then each radioactively labeled probe was individually hybridized at different temperatures and finally exposed to autoradiographic film for several hours

13) Screening assays can be presumptive tests

a. Useful in eliminating samples that can be excluded from one another
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Available Population Databases

There are databases containing over 1,000 individuals from various population groups. For mtDNA, when known or database samples are compared to unknown mtDNA samples greater typing results can be determined. It is important when typing mtDNA to have a large database. Smaller mtDNA databases treat the mtDNA sequence as a single locus. HV1 and HV2 are sequences used for the largest database, which contains 14,138 individuals. The database is so large that author’s from mtDNA publications believe many errors exist even after efforts were made to correct and eliminate possible errors. However, the large database works well for qualitative identification of relevant reference populations for mtDNA. Higher-quality data is needed to have a ”legally defensible” frequency. 

CODIS has a forensic legally defensible database of frequency estimates, in which the FBI has created. The database contains 14 different populations containing over 4,800 mtDNA profiles. HV1 and HV2 positions are carefully profiled and sequenced. Electropherogram data is also thoroughly examined across positions 16024-16365 for HV1 and 73-340 for HV2 positions. 

In addition, a published literature database is used to correctly profile mtDNA positions within CODIS that uses annotated population information. To classify profiles a standard 14-character nucleotide sequence identifier is employed to classify the country of origin, ethnicity, and their sequential acquisition numbers. Each CODIS frequency estimate, database software mentioned above is available to the public and was released in April 2002. They are in Microsoft Access found at the FBI website. In Europe, mtDNA groups are developing their own population databases for forensic and human identity mtDNA sequencing. 

Issues with sequence quality

Peter Forster and Hans Bendelt have raised concerns in various publications about the accuracy of mtDNA sequence database quality. Databases of low quality might produce inaccurate frequency estimates for random matches. This poses a problem and statistical analysis tools are used to find DNA sequence errors. Contaminated samples are determined using the statistical analysis tool phylogenetics. An example of contamination is when HV1 data is mixed with a HV2 sequence. Phylogenetics can verify the artificial recombinant or an incorrect composite sequence. 

According to Butler, there are four different classes of mtDNA population database errors. They consist of (1) mistakes in transcription of results; (2) sample mix-up of one-sample (HV1) mixed with the other sample (HV2) data; (3) contamination; (4) and the use of different nomenclatures. 

A study of 21 laboratories revealed many sample/haplotype errors. To resolve errors with population databases protocols are being developed to avoid mistakes with electronic transfer of data and clerical errors when information is transferred from raw data to final report. Retention of raw data may be used in the future to verify population samples.

Future directions in mtDNA research

Deborah Nickerson’s group from the University of Washington was the first to develop a methodology for sequencing the whole mtGenome. A polymorphism database created by Max Ingman uses Nickerson’s sequencing strategy for mitochondrial population genomics. Ingman sequenced 53 mtGenomes from different world population groups. However, in the past few years many methodologies have been developed to sequence entire mtGenomes. All sequencing methodologies have the same challenge to eliminate errors in sequencing. Programs such as MitoAnalyzer can be downloaded and used to observe mtGenome errors.

Resolving most common types

A challenge posed by mtDNA typing is the sequence grouping of most common types. When the most common type issue occurs, one out of every five times a mtDNA sequence analysis is performed it results in matches of many other individuals in a population database. Sequencing an entire mtGenome is costly and time consuming when eliminating most common types of mtDNA within a population group. To resolve this a battery of SNP markers and a SnaPshot assay can be used to locate the most common types. 

Defining mtDNA haplogroups

Individuals ethnic groups often cluster into haplogroups, in which researchers define by certain polymorphic nucleotides. During the late 1980s and 1990s haplogroups were defined by samples that have the same traits or patterns when introduced to restriction enzymes that separate mtDNA types. For instance, European populations are defined by H, I, J, K, T, U, V, W, and X haplogroups. Asians are most associated to A, B, C, D, E, F, G, and M haplogroups. 

Multiplex SNP detection assays is used to correct the most common HV1/HV2 types found in Caucasian haplogroups. Brandstatter specifies a multiplex SNP system using the analysis of 16 coding region SNPs. There is also an assay that was developed to examine 17 coding region SNPs using a multiplex detection assay. A SnapShot reaction is also used to examine several mtDNA nucleotide positions. Haplogroup information provides quality control of samples from a forensic population database.

Genetic genealogy with mitochondrial DNA

Ancestral line-ages can be traced using mtDNA. Scientists use mtDNA Y chromosome markers to trace populations from isolated regions. Ancient bones provide mtDNA, such as the case when HV1 and HV2 sequences from Neanderthal remains were obtained. However, the same DNA markers used for these types of studies are analyzed differently from forensic DNA typing. In addition to forensic DNA typing mitochondrial DNA will continue to be used for disease diagnostics, genealogical, and anthropological research.  

