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Abstract
The analysis of ancient DNA (aDNA) can inspire both the public and the scientific community. Knowing about ancient human genomes
and comparing them with those of modern humans can give us a new perspective on evolution and the migration of humans over time.
aDNA is DNA isolated from ancient specimens. It can also be loosely described as any DNA recovered from biological samples that
have not been preserved specifically for later DNA analysis. Examples include DNA recovered from archaeological and historical skeletal
material, mummified tissues, archival collections of non-frozen medical specimens, preserved plant remains, ice and permafrost cores,
Holocene plankton in marine and lake sediments, and so on. Due to considerable anthropological, archaeological, and public interest,
human remains receive ample attention from the DNA community. Genetic genealogy is the use of DNA testing in combination with
traditional genealogical methods to infer relationships between individuals and to find ancestors. Genetic genealogy involves the use of
genealogical DNA testing to determine the level and type of genetic relationship between individuals. DNA markers such as autosomal
single nucleotide polymorphisms (SNPs), Y SNPs, and mitochondrial DNA (mtDNA) SNPs are used. By analyzing the sequence of mtDNA
and the Y-chromosome, the path of human migration throughout history and the common ancestor of humans can be identified. mtDNA
analysis is a field of research in genetics and molecular archaeology that is efficient in less than ideal conditions, such as with biologically
degraded materials. The mtDNA molecule not only has a high copy number, but it can also be extracted from very decayed biological
specimens. Its D-loop region is polymorphic, consisting of two hypervariable regions (HVI and HVII) with a large variety in different
human populations. The analysis of such mtDNA regions using ancient excavated human bones will determine the genetic composition
of human mtDNA known as haplogroups and can be used to identify ancient ethnic groups, trace descendants of ancestors, and follow
man’s migration trails.
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Introduction
Genes form the fundamental identity of all living beings and,
along with environmental influences, determine all their traits.
Hence, genetics has been widely used in areas such as medicine,
pharmacy, animal husbandry, agriculture, anthropology, and
identification. Genetics can be used for kinship analysis,
identification of individuals, and determination of the genetic
lineage and genealogy of a human.1-3
Genetic maps are a key component and essential tool
needed in molecular anthropology plans in the future.
Perhaps one of the most important applications of DNA
markers is the preparation of genetic maps that can determine
the gene and chromosome position of the genes determining
desired traits (sequencing and spacing of genes and markers
on chromosomes).3-5 Overall, any trait that varies from
one person to another is caused by a difference in DNA
chromosomal sequences that is passed down to children.
Even traits that appear differently under the influence of

environmental conditions (inter-individual differences under
the same environmental conditions) reflect differences in
DNA sequences. These differences can be employed as genetic
markers.
Specific similarities in genetic structures provide the
ability to identify haplogroups of different groups of people
in the phylogenetic tree or their geographic origin, estimate
common ancestors, and identify when the genes entered the
population. In terms of paternal genetics (Y-chromosome)
or maternal genetics (mitochondrial DNA), innovation of
genetic mapping is important in tracing migratory patterns,
human habitats, the formation of contemporary populations,
and their progress over time.5-10
Mitochondrial DNA Markers
Mitochondrial DNA (mtDNA) consists of 37 genes that code
13 proteins, 22 tRNAs, and 2 rRNAs. Its 28 genes are coded
by the heavy strand and 9 other genes by the light strand.
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Thirteen proteins produced are associated with the oxidative
phosphorylation system in the mitochondria. Traits that have
made mtDNA known as a genetic marker in genealogy studies
include the following:
1. Each cell contains several thousand copies of the
mitochondrial genome, but only one copy of the nuclear
genome is present in the cell;
2. Mitochondria have only a maternal inheritance, through
which the maternal ancestor can thus be investigated;
3. The mutation rate in the mitochondrial genome is high
(approximately 100 times more than the nuclear genome).
The recombination rate in mtDNA is lower than that of
the nuclear genome10-15 (Figure 1).
Y-Chromosome Markers
Y-chromosome polymorphism is also used to study human
migration in order to provide information about the human
origin (this time emphasizing the paternal role).10-12 Both short
tandem repeats (microsatellites) and SNPs are used to assign
individuals to haplogroups in a similar way to mtDNA. Many
previous demographic studies are a combination of mtDNA
analysis and Y-chromosome diversity,12 which provides
evidence of the paternal and maternal lineage. In general, the
Y-chromosome haplogroups, in contrast to mtDNA, show
stronger local and geographic patterns, which is probably due
to the fact that the native father (men lived in places where
their fathers previously lived) is a trait among many human

Figure 1. Simplified Tree of mtDNA Haplogroups. (https://www.wikitree.
com/wiki/Space:Major_Y-DNA_and_mtDNA_Haplogroups).

Figure 2. Simplified Tree of Y-Chromosome Haplogroups (https://www.
wikitree.com/photo/jpg/Major_Y-DNA_and_mtDNA_Haplogroups-4).

cultures (Figure 2).16
Archaeogenetics
Archaeogenetics is a term coined by Colin Renfrew to refer to
the use of molecular genetic techniques to study the past life
of humans,1 which include the following:
1. Analysis of DNA extracted from remains discovered
from excavations and archaeological investigations;
2. Analysis of DNA obtained from modern populations
(including humans, plant species, and domesticated
animal species) to study the past life of humans and
achieve a better understanding of the interaction between
genetic heritages and Earth’s ecosystems;
3. Application of statistical methods developed by molecular
geneticists with regard to archaeological data.2
Barriers to and Limitations of DNA Extraction and Use
All components of the human body degrade after death, and
DNA is no exception. In many ancient samples, no DNA
was detectable, and in cases where DNA was found, it had
greatly degraded, with only a little more than 100 nucleotides
remaining intact. When some DNA remains in ancient bones,
the amount is usually very low, i.e. less than 2% of the amount
found in late bone samples.17-20
Contamination is the biggest technical problem while
studying ancient DNA (aDNA). Contamination by modern
human DNA may be encountered during exploration,
occurring in post-exploration phases or in the laboratory.
This issue is due to a high presence of modern DNA than
ancient DNA. Any contact between skin cells, transpiration, or
modern human saliva and ancient specimens poses a serious
threat of contamination to the ancient specimens, which
means that contamination by modern DNA can give false
results.Consequently, instead of aDNA, the modern DNA will
generally be identified by polymerase chain reaction (PCR).
Several methods have been identified and introduced for
preventing, detecting, and eliminating contamination in
samples. An ideal relevant strategy is to prevent contamination
of bone samples before they reach the laboratory. One method
is to remove the bone surface.20-23
Application of Genetic Information
The first complete sequence of human mtDNA (16 569 bp)
was obtained in 1981.17 This sequence, called the Cambridge
Reference Sequence (CRS), was used as a source sequence
to study the human mitochondrial genome.18-20 In 1999, a
modified version of the same modified sequence of the first
version was introduced and called the revised Cambridge
Reference Sequence (rCRS).23
The human mitochondrial genome is composed of a coding
region and a non-coding region. The coding region consists
of 37 genes, 13 of which code proteins, 22 code tRNA, and
2 code rRNA genes.24,25 The non-coding region, also called
the control region, has highly variable regions (HVR), which
get their names from the large genetic variation seen in these
regions in comparison with the coding sequence.26 Genetic
variation is produced by a process called mutation, which can
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be created by the substation, removal, or addition of bases.23
Ancient DNA is often used to determine the racial
evolution or the classification of extinct species which was
previously investigated through morphology or data from
fossils. In order to study the racial evolution, specific regions
of mtDNA, such as HVR and cytochrome b, were first used,
but the advancement of sequencing techniques allowed for
the investigation of all mtDNA sequences.17,18
Individuals showing a common ancestor in their
evolutionary background are classified in a haplogroup. This
term was first introduced in a study on four A, B, C, and D
haplogroups based on the RFLP technique. The researchers
placed those mtDNA lineages derived from Africa in an
L haplogroup and those created after leaving Africa in the
L3 haplotype which consisted of two subgroups of M and
N.16-20 Previous mtDNA studies showed the geographical
distribution patterns of haplogroups worldwide. The large
haplogroup M consists of haplogroups C, D, E, G, Q, and Z,
which are currently found in Asia, Oceania, and America.
The large haplogroup N is divided into two branches; the
first branch is R, which is divided into haplogroups B, F, J,
P, T, R0 (including H, HV, and V) and UK (including U and
K). The second branch refers to haplogroups other than R,
which are characterized by N* and include subgroups A, N1,
O, S, X, and Y. N1 itself is divided into groups N1a, N1b, and
I (Figure 3).27
The geographical patterns of haplogroup distribution are
used to determine the human migration route throughout
history.27
Discussion and Conclusion
Archaeogenetics defines the story of the spread of human
beings across the world, from their origin in Africa hundreds
of thousands of years ago to the movements of people during
the past few decades. This includes everything, including the
recent exit of people from Africa when they settled around
the world to the development of agriculture in Africa, Asia,
Europe, and even Oceana, and dispersed populations.28
Archaeogenetics examines the geographical distribution of

modern human genetic diversity with the aim of answering
questions related to issues of archeology, anthropology,
and history. This work is initially carried out by combining
phylogenetic inter-lineage relationships with respect to their
geographical distributions and variations with respect to the
dimension of time using the molecular clock.
The main objective of mtDNA research is to determine
maternal genetic estimates; the aim of Y-chromosome
research is to provide phylogeographic models to achieve
a better understanding of human variations, the male
lineage, and the diversity of genomes spread on the available
autosomes.28-30 The mutated nucleotides of the Y-chromosome
are transmitted as a polymorphism through the father to his
male child. Single nucleotide polymorphisms (SNPs) are tools
for comparing individuals based on the genetic structure of
their paternal ancestors.
All of these polymorphisms form a haplotype in one person,
and the diversity of haplotypes in different lineages creates the
branches of the Y-chromosome phylogenetic genealogy. The
main branch of human phylogenetic genealogy is referred to
as a haplogroup, and each haplogroup is subdivided into subhaplogroups. The study of molecular anthropology provides
precise divisions of these sub-branches and introduces special
geographic regions for their initial origins and their current
abundance.30-32
The geographic location of Iran and its importance in the
ancient world is significant in terms of knowing migration
patterns. The land of Iran, as an important passage, welcomed
populations with distinct languages, religions, and other
cultural aspects. However, few studies have been conducted on
the genetic diversity of Iranian ethnic groups.32-35 Migrations
and various events which have been seen on the Iranian
plateau and have led to the arrival and receipt of new genes as
well as the creation of genetic diversity have turned the gene
pool of the Iranian population into an important source of
Y-chromosome diversity in the Middle East and Eurasia at
different times. Various studies on the paternal gene pool (Y
chromosome) of the present population of Iran have indicated
the settlement and migrations throughout the Middle East in

Figure 3. Human migrations based on mitochondrial haplogroups (https://en.wikipedia.org/wiki/File:Human_migrations_and_mitochondrial_
haplogroups.PNG).
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the past, which have formed the current genetic structure of
Iranians.35,36
Genecology using molecular methods such as DNA
fingerprinting is being employed for various purposes around
the world.37 Molecular markers such as STRs, mtDNA, single
SNPs at the Y-chromosome surface, and other chromosomes
can be used. The study of mtDNA and Y-chromosome can
help trace maternal and paternal ancestors, respectively.
Archeological studies also investigate special characteristics
such as the existence of a significant relationship between
SNPs to place a studied sample in a specific group called a
haplogroup.37-40 A haplogroup is, in fact, a bunch of closely
spaced haplotypes that take mutations from their common
ancestor. Haplotypes are also a set of SNPs in a nucleotide
sequence that are transferred to the next generation.38 Since
all living organisms have DNA and all DNAs differ among
different species as well as individuals belonging to a species,
DNA analysis is an essential component of modern archeology
based on highly sensitive PCR–based techniques which are
used to analyze biological samples. This science is referred to
as “archaeogenetics”.40 Thus, in spite of the low amounts of
DNA found in ancient bone samples, some information can
be obtained about the type, gender, ethnicity of the sample,
and migrations throughout history.
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