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Abstract

Recent studies applying multidisciplinary approacheggest that the
Anatomically Modern Homo sapiens (AMHS) passedugtothe Arabian Peninsula in
their major diaspora out of Africa. The Arabian Penla is connected to three
continents: Africa, Asia, and Europe. In additiortlie major diaspora, the Arabian
Peninsula has witnessed numerous migrations anmeniptee continents. The
populations of the Arabian Peninsula have beenstiy&ted to better understand their
evolutionary history. This dissertation investightbe paternal genetic structure of the
Kuwaiti and Failaka Island populations using 15 (TR data. In addition, the
maternal genetic structure of Failaka Island ha&nbevestigated using mtDNA HVS-|
sequence data. This is the first genetic studyhswacterize Failaka Island population.

The result showed that the Kuwaiti population hasga frequency of Y-
haplogroup J1 (37%) similar to other Arabian popates. the highest Y-haplogroup
frequency in Failaka Island is J2 (26%). Accordioghe MDS plot, the Kuwaiti
population is clustered with neighboring populasioimcluding Iran and Saudi Arabia,
and Failaka Island. However, maternal and pateyeaétic structures of Failaka Island
are closely related to Kuwait and Iran than Saudibda. The paternal and maternal
genetic structures of Kuwait are highly diverse arderienced more gene flow
compared to Failaka Island which has experiencedtgedrift with limited gene flow.
Finally, Mantel tests show insignificant correlatibetween genetic and geographic

distance matrices.
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Chapter One: Introduction

The Arabian Peninsula, located in the Middle Eagthe world's largest peninsula
covering 3,237,500 km2. The significant locatiortteé Arabian Peninsula comes from
the fact that it connects three continents Afrigsia, and Europe. As a result, several
migrations took place over the Arabian Peninsulae Of the most important migrations
which shaped the evolutionary history of humarteésmigration of the Anatomically
ModernHomo sapien§AMHS) out of Africa circa 100,000 years BP (Cravdp2007;
Reich & Goldstein, 1998). Humans occupied thredinents after their diaspora out of
Africa. However, chronology of migrations and whaatht has one episode of one way
migration or series of mini-migration through diat directions is currently debated
(Al-Zaheryet al., 2003; Derricourt, 2005; Lukst al, 2004).

Humans’ origin and migrations is an active topitha field of anthropology and
molecular genetics (Caret al, 1987; Weidenreich, 1943). After years of invgations,
two models have been proposed to explain the oofyjmodern human: Multiregional
model and Recent Out-of-Africa model. The Multi@mgal model is based mostly on the
morphological traits of the fossil remains (Coof63; Howells, 1980; Lahr & Foley,
1994; Thorne & Wolpoff, 1992; Weidenreich, 1943; Maif et al, 1984; Wolpoffet al,
2000). According to the fossil remains the advosatethis model believed thik
erectusmigrated from Africa to Asia and Europe circa 1.gan(Stringer & Andrews,
1988). Over a long period of time, Neandertals amatomically moderil. sapiens
emerged as a result bt erectusevolution (Wolpoffet al, 2000). Although this
evolution occurred in different geographical areaependently, there was possible gene

flow between regions (Wolpo#t al, 2000). The other model, the Recent Out-of-Africa



is based on the mitochondrial DNA (mtDNA) and Y-@mosome analyses and markers
which are relatively new and advanced techniquélarfield of molecular biology
(Cannet al, 1987; Stringer & Andrews, 1988; Templeton, 198&lson & Cann, 1992).
The advocates of this model point out that theoaini populations have the highest
genetic diversity among all other populations aodsequently they are the oldest
population among other continental groups (Getnal, 2009; Nei, 1995). The reason
behind the high genetic diversity is that fact tthet recombination is absent in both the
mtDNA and the Non-recombining Region of the Y-chomome (NRY). As a result, the
mutations accumulate overtime and the populatiatis the longest evolutionary history
have the highest genetic diversity (Bowcetlal, 1994; Watsort al, 1996). Today, the
debate continues but scientists are aware abof@¢héhat to investigate humans’ origin
and migration they should apply a multidisciplinagproach including archaeological,
paleoenvironmental, linguistic, and genetic datav@i-Sforzaet al, 1988)

Studying population genetics is usually connectetthé genetic structure of a
population. Each population has a unique gengtictsire which is determined by the
distributions of the genes. Generally, geneticctne of a population refers to
frequencies and distribution of all the allelesipopulation. There are several
evolutionary forces that can change the geneticitre of a population including: gene
flow, gene drift, and natural selection (Hartl &K, 2007). Earlier, the genetic structure
of a population was investigated through deterngtire frequency of protein
polymorphisms, blood group, and enzyme electroglmopelymorphisms which are
known as classical markers (Al-Nassaal, 1981; Sawhnegt al, 1984). Major shift
occurred in the field of physical anthropology aspecially sub-field anthropological

genetics during the 80s due to the developmenéwfmolecular genetics techniques



(Cavalli-Sforza & Feldman, 2003; Crawford, 2007heTrollowing are examples of these
molecular techniques and discoveries which progm@ater information about population
structure and history:

(1) Rapid and efficient DNA extraction methods

(2) Restriction Fragment Length Polymorphisms (R§)L&s a method of

mutations detection.

(3) DNA Polymerase Chain Reaction (PCR) amplifmatiechniques

(4) Automated DNA sequencing

(5) New markers were discovered including mitoch@aldNA sequence

variation, Short Tandem Repeat Polymorphisms (ST,RiPsl Single
Nucleotide Polymorphisms (SNPs).

In the 1980s, studies of human evolution, migratard origin using DNA
technology were initiated by Brown (1980). Throwgtalyzing mtDNA, Brown (1980)
found that each population has a specific pattéresiriction enzyme cleavage. The next
major step in understanding humans origin was rhgdeannet al. (1987) who
concluded that the existence of modern humansricafvas no more than 200,000
years ago. During the 1990s, many studies usingrgraosome and mtDNA markers
have focused on the origin and expansioHomo sapiengHammer, 1995; Hammet
al., 1998; Hammer et al. 1997; Hedgesal, 1992; Nei 1992; Templeton, 1992). Most of
these studies have investigated European, Ameriédnsan, and Asian populations.
However, the Middle Eastern populations were ne¢stigated during this period of time

because of multiple wars during the 1980s and 1990s



Recently, the critical role of the Arabian Penimsul the expansion of early
anatomically moderiklomo sapiensas attracted scientists to begin their invesbgat
tracking the first foot steps éfomo sapiensut of Africa (Cabrerat al, 2009; Jeffrey &
Michael, 2009). A multidisciplinary approach incing archaeology and molecular
genetics has been used to reconstruct the evadutidmistory of the contemporary
populations of the Arabian Peninsula (Abu-Ameta@l, 2008; Alshamalet al, 2009;
Beyin, 2006; Carter, 2006; Rose, 2007). Today Attabian Peninsula is occupied by
seven major clusters of populations representatidyollowing countries: Yemen, Saudi
Arabia, United Arab Emirates, Qatar, Bahrain, Kuwand Jordan (Rose & Petraglia,
2009). Some of the populations from these counwe® characterized either through
genetic data, archaeological data, or both (Abu-freeal, 2009; Alshamalet al,

2009; Al-Zaheryet al., 2003; Jeffrey & Michael, 2009; Pérez-Miraretaal, 2006). The
Kuwaiti population has been investigated previotistpugh autosomal STRs (Alenet
al., 2008), and mtDNA (Theyaét al, 2012).

This dissertation investigates the paternal gerstticcture of Kuwait using 15
loci STRs markers. In addition to Kuwait, the matdrand paternal genetic structures of
Failaka Island are investigated using mtDNA segeatata and 15 STRs loci markers.
Failaka Island has not been studied geneticallyipusly. This dissertation attempts to
fill a gap in understanding the evolutionary higtof the Arabian Peninsula through the
characterization of the genetic structures of Kinaad Failaka Island. The aims of this
dissertation are to:

(1) Characterize the paternal genetic structure oKingaiti population through Y-

chromosome analyses.



(2) Investigate the paternal and the maternal genetictares of Failaka Island
population through Y-chromosome analyses and mtBBiduence data.

(3) Examine the relationship between Kuwait and neighiggoopulations.

(4) Examine the relationship between Failaka Islandramghboring populations,

including Kuwait.



Chapter Two: Literature Review

Since this dissertation investigates the geneticire of Kuwait and Failaka
Island populations, located in the Arabian Peniagsitlis appropriate to begin by
investigating the following questions: What and whian Arab ? At the first glance the
guestion seems to be simple questions and consigskauld have simple answers.
However, this question is difficult to answer besaérabs occupy an area of about 13
million square kilometers which stretches from Arabian Peninsula and includes the
Fertile Crescent in Western Asia, and extends addasth Africa ending at the Atlantic
Ocean. That includes twenty two countries with agpnately estimated population of
315 million (Lewis 1993; Tadmouet al. 2006).

Arab leaders had defined an Arab as “Whoever linegir country, speaks our
language, is brought up in our culture and takesepn our glory is one of us” (Lewis,
1993; Rodinson, 1981). Another definition was ugdir Hamilton Gibb (who was a
well-qualified Western source) he defined Arab&Adkthose are Arabs for whom the
central fact of history is the mission of Muhamnaead the memory of the Arab Empire
and who in addition cherish the Arabic tongue dadultural heritage as their common
possession”. Both definitions share a cultural peative, and the latter definition is
linked to Islam. However, both definitions negldat deep historical roots that Arabs
shared prior to the risgf Islam (Lewis, 1993; Rodinson, 1981).

Although “Arab” is an ethnic term used to descmbidions of people worldwide,
it should not be linked solely to language, cultamed history which are limited by time
and source. The Arabs should be examined and difiiom a multidisciplinary

perspective including: archaeological, historicalfural and biological aspects (Lewis,



1993; Rodinson, 1981). This chapter examines tlad#by using this multidisciplinary
approach. All available tools are utilized, to betinderstand origins of the Arabs using a
chronology based on archaeological investigatidirabia and ending with the

genetical dimension of the contemporary inhabitahthe Arabian Peninsula.
Archaeological Background:

The history of the Arabian Peninsula transcend$isi®ry of the Arabs and has
witnessed several migrations of eaddgmoout of Africa to occupy the rest of the world.
Recent archaeological excavations belong to thelMiBaleolithic, are taking place over
the Arabian Peninsula to understand its historyweleer, two archeological sites were
discovered in Saudi Arabia: Wadi Fatimah and Béw. These sites contain abundant
lithic resources are located in elevated areas,sgangs or stream channels. These lithic
tools indicative of occupation of the sites by g&tbmoapproximately 250,000 kya.
(Scott-Jacksoet al, 2009). In Oman, more than 350 archaeologicas sibmtaining
approximately 1 million artifacts were recentlyabsered in the Hugf region.
Archaeologists attributed these findings to theeesed occupation of the sites over a
long period of time (Jagher, 2009). In the Wadi acdaut region of Yemen
archaeological sites were discovered with an abnewlaf lithic tools (Crassard, 2009).
In the United Arab Emirates, assemblages of atsfdwat belong to the Middle
Paleolithic were discovered in three different komas: Abu Dhabi, Sharjah, Ras al
Khaimah. One of the most known archaeologicalisiteebel Faya which is a 10 km long
limestone mountain located directly south of thei® of Hormuz. The site contains
archaeological artifacts which transect the histmperiods from the Iron Ages, to the
Paleolithic period. These southern sites supperthbory of the occupation of the

Arabian Peninsula through the Indian Ocean rim @yprately 60,000 years ago. The
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southern route was an alternative route to thei Sieainsula route (Armitaget al,
2011; Scott-Jacksoet al, 2009; Wahidat al, 2009)

The archaeological artifacts described have baebwted to the early and
Middle Paleolithic period. However, those artifactgshe Upper Paleolithic period are
limited in number and provide little insight intieet Arabian Peninsula occupation during
that period. The scarcity of the artifacts raisepliastion regarding the population
continuity or discontinuity between the Pleistocand Holocene. However, the
dynamics of the Neolithic expansion into Arabi@xplained by three schemes
introduced by Uerpmanet al. (2009). The first hypothesis considers the ocaapaif
eastern Arabia to be a result of the climatic detation in the northern Arabian
Peninsula around 6,200 BC. The second hypothessders the occupation of eastern
Arabia to be a result of extensive population espars during the early Holocene. The
latter hypothesis states that the earliest settiessutheastern Arabia came as a result of
repopulation by the indigenous population from &oAtabia and/or the northeastern
African population. The second hypothesis is mosngly supported by the chronology
of Homo sapiengxpansion and the environmental conditions astestiaith that period
(Uerpmanret al, 2009).

In Qatar, stone tools were excavated and datedtbable sixth and fifth
millennium. However, these stone tools showed sintiés to those excavated from the
Levantine area. Potter (2009) suggests that tHe toond in Qatar had originated in
southern Levantine area, and they belonged to thesple who migrated from the
southern Levantine area into eastern Arabia. Theesbevidence of settlement near the
Persian shore dates to 6000-5000 B.C., when theatit conditions supported human

occupation of the Arabian Peninsula. By this tiemgdence of agriculture, animal



domestication, and village life were already esshield in the Arabian Peninsula (Potter,
20009).

Archaeological excavations have confirmed the eris¢ of a connection
between the Gulf region and Mesopotamia. Pottegyds) diagnostic of the Ubaid
period, 6000 B.C.E. to 4000 B.C.E., were found uwkit, eastern Saudi Arabia,
Bahrain, Qatar, and United Arab Emirates. Thesedshaelonged to the sedentary people
of southern Irag who contacted southern Arabiaupinatheir seasonal fishing voyages or
trading expeditions (Potter, 2009). In additiorgheological artifacts, such as the Dilmun
seal stamp found in Bahrain, eastern Saudi Araméed Arab Emirates, and Kuwait
from the third millennium confirmed that the Dilmsnociety also existed in the Arabian
Peninsula (Potter, 2009).

The abundant archeological sites in the ArabianrfReia reflect the critical
location of the Arabian Peninsula which served asrador for the dispersal of
anatomically moderikomo sapien§AMHS). Recently, the archeologists’ attention has
been directed toward the Arabian Peninsula, buemesearch is needed to understand
the role of the Arabian Peninsula in the dispes$@arlyHomo sapiengPetraglia, 2003;

Uerpmanret al, 2009)



History of the Arabs:

The origin of the word Arab

According to philologists the origin of the word f&b” is ambiguous. Rodinson
(1981) and Lewis (1993) believed that the term 1&rig derived from Semitic root
meaning west. This meaning was first used by tlopleeof Mesopotamia to describe the
people who lived west of the Euphrates valley. Hesvethis explanation is questionable
since the term has been used by the Arabs thenssehdescribe another group of Arabs
who lived in different location relative to anoth&nother explanation links the term
“Arab” to the concept of nomadism. The term “Ara®’linked to many Hebrew words
such as “Aibha” which means dark land or steppe land, “Erebh”chhmeans mixed
and unorganized, o&bhar” which means to move or pass (Lewis, 1993;ifrsuuh,

1981).

The term “Arab” first appeared in an Assyrian imgton in 853 B.C.E. during
the reign of the King Shalmaneser lll. From thatdithe Arab had frequent references in
Assyrian and Babylonian inscriptions with many datives such as Aribi, Arabu, and
Urbi. Some of the later inscriptions are accompaiigillustration of the Aribi and their
camels. These inscriptions may refer to the nompeaple who lived in north but not
southern Arabia (Halm, 2007; Rodinson 1981).

The earliest mention of Arabs and their land inegsical reference is in
Aeschylus, who mentions Arabia as a land from wiiehwarriors with sharp-pointed
spears came. The terms “Arab” and “Arabia” was eaéel by Herodotus and other
Greek and Latin writers to include the entire Peuia and all its inhabitants, and even
the eastern desert of Egypt. ‘Saracen’ is anotren tised in Greek literature to describe

a single desert tribe in the Sinai Peninsula. Herethe term ‘Saracen’ was extended in
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Greek, Latin, and Talmudic literature to describenads generally, and applied to all
Muslims during Byzantium and medieval West (Levi893; Rodinson, 1981).

The first mention of the term “Arab” by the Aralbetnselves was in ancient
remnants of southern civilization in Yemen by tbatiern branch of the Arabian people.
In these inscriptions Arab means Bedouin, usugdpfiad to distinguish nomadic

(northern) from the sedentary population (south@éreyvis, 1993; Rodinson, 1981).

Arabia before Islam

The original territory of Arab people was the ArabiPeninsula which is a
rectangle of one and a quarter million square nates. In the north, it is bordered by
several countries called the Fertile Crescent wincludes Syria, Palestine, Jordan, and
Irag. The Arabian Peninsula is surrounded by thebiam Gulf in the east, Indian Ocean
in the south, and the Red Sea in the west. Therityagd the land consists of waterless
steppes and desert except for Yemen which inclafie®untains with rich of water
resources and has led to the rise of agricultuderalatively advanced civilization. Most
of the population was nomadic and pastoral liviggte flocks (Hitti, 2002; Mansfield,
1992; Rodinson, 1981).

The early history of Arabia is obscure and notyfulhderstood. However, there
are a few hypotheses that have been proposed toyiais to clarify this early history of
Arabia. The first best-known theory is the Winckiggietani theory which is named after
its two most distinguished proponents Hugo Winckled Leone Caetani. According to
Winckler-Caetani theory, Arabia was the first hoofiche Semitic peoples and originally
a land of great fertility. Through the millenniaakia experienced steady desiccation

which led to drying waterways and subsequentlysfiread of the desert at the expense
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of the cultivable land. The declining productiviggcompanied by the increase in the
number of the inhabitants, led to a cycle of ingasifrom the neighboring countries by
the Semitic peoples of the peninsula. Assyriangyfgeans, Canaanites (including the
Phoenicians and Hebrews), and finally the Arabsrexdtthe Fertile Crescent through this
cycle of invasions (Hitti, 2002; Mansfield, 1992odtnson, 1981).

There is no systematic geological study in Arabiavaluate the Winckler-
Caetani theory. However, some evidence (such gsrédsence of the dried-up water
ways and some indications of past fertility in fk@abian Peninsula) supports the theory.
There is no evidence on the chronology of the dasien and its effect on human affairs
if it happened during the beginning of human IR&ilological evidence supports the
Winckler-Caetani theory in that the Arabic languafe most recent of the Semitic
languages, has the oldest grammatical structuregmiher Semitic languages which led
the philologists to presume that it is the origipedto-Semitic tongue. Another
explanation proposed that southern Mesopotamiahleasomeland of the Smites. The
last explanation suggested Africa or Armenia tdHeehomeland of Semites. However,
all these theories are barely supported by gedagicphilological evidence (Hitti, 2002;
Mansfield, 1992; Rodinson, 1981).

The chronology of the history of the Arabian Pealass highly complex. The
Arabian people are known to be descendents of tadbes-- the southern region and
the northern-central regions. The northern andraktitbes were descendents of one
ancestor, who was Adnan, descendent of Ishmaelfséhraham and were known as
“Arabized Arabs”. The southern Arabs were suppdeduk descendents of Qahtan who
was identified with the biblical Yoqtan, direct desdent of Shem, son of Noah. They

were known as “real Arabs”. The southern brancHl kvewn for their flourishing
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civilization, did not regard themselves as Araldseyfwere mostly farmers and city-
inhabitants. One explanation proposed that thehsontArabs applied the word Arab to
the nomadic tribes of the central and northernipostof the Peninsula who spoke Arabic
or proto-Arabic (Hitti, 2002; Mansfield, 1992; Rodibn, 1981).

Although southern Arabian history is obscure, theeee many kingdoms
established in southern Arabia and the best knovamcient records was the kingdom of
Saba (Sheba). According to the Biblical sources gilreen of the kingdom of Saba
entered into relations with King Solomon. The extste of the Saba can be traced back
to the tenth century B.C.E. In 750 B.C.E., onehef $abean kings built the Ma’rib dam
which was used to regulate the agriculture lifé¢haef Saba Kingdom. The Sabeans had
colonized the geographically nearest African caastd and established the Kingdom of
Abyssinia (Habasha). The Kingdom of Abyssinia wasided in the geographical
location of current country Ethiopia (Lewis, 19%8ansfield, 1992).

The history of northern and central Arabia was tedj when compared to that of
southern Arabia. Most of the Assyrian, BiblicalddPersian resources provide little
information regarding the nomadic peoples of Arablawever, during the Hellenistic
period, more detailed information has been recoedenlit the northern and central
territories. Semi-sedentarized states were formélda Syrian and northern desert during
the Hellenistic period due to the western intereshe Arabian trade-route. These states
were influenced by the Hellenized Aramaic cultund @articularly their Aramaic
language which appeared through their inscriptidhe Arabic characteristics of these
states have vanished, except for their names whesttify their Arabic origin. The best
known of these people were the Nabataeans, whd anerea surrounded by the Gulf of

Aqgaba (northern tip of the Red Sea) in the sotmth Dead Sea in the north, and area of
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the northern Hijz (Saudi Arabia). Their capital city Petra was tedaeast of the Dead
Sea (Lewis, 1993; Mansfield, 1992).

During the third and the fourth centuries, the AaalPeninsula witnessed a long
series of wars between the Roman and Persian Esnpimeh influenced the Arabian
trade-routes and consequently the life of peopgbe@ally in the southern part. In 384
C.E., a peace agreement between these two empited &he wars. At that time the
international trade routes returned to utilize cir@utes through Egypt, the Red Sea, the
Euphrates Valley, and the Arabian Gulf rather ttrenwest Arabian trade-route which
was abandoned due to its hazards. The situatidmabia deteriorated when the southern
civilization fell under foreign ruler and the Mdrdam was destroyed. That led the
southern tribes to migrate toward Syria in the mdgthiopia in the African horn, and
AlHij az in the Arabian Peninsula to search for new taigs and to start a new life. The
situation in the northern part was not much bettan in the southern part. The
established northern states reverted to nomadietyand nomadism spread across
Arabia at the expense of cultivation and trade.dd@dtribalism was the dominant
characteristic of the northern and southern pojmatin which the group is the social
unit rather than the individual. The relationshipaang the individuals is controlled by the
blood-tie of the descent. The male line is congdehe social bond through which the
group provides the defense against the dangersseirtlife (Hitti, 2002; Lewis, 1993;

Rodinson 1981).
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Arabia and the rise of Islam

During the pre-Islamic times the religion of Aralvas polydaemonism, which is
belief and worship of evil spirit and power. Howevéudaism and Christianity reached
western Arabia from the north and the south. Yehmmhbeen ruled by a Jewish dynasty
followed by a Christian Abyssinian governor. In Nab (Medina) three of the five Arab
tribes were Jewish. Christianity was introducetl#pran in the fifth century and formed
a Christian community led by a bishop (Lewis, 1993)

Islam is an integrating element of the Arab worldieia was introduced into
Arabia and the world through the prophet Muhammatifas followers. The prophet
Muhammad was born around 570 in Mecca as a menfibee élashim clan in the
Quraysh tribe. Around 610, the prophet Muhammadrbadived his revelation which
introduced the monotheistic faith and rejectedaheent polytheistic religions of Arabia.
Islam has five primary obligations, or pillars aifth, that each Muslim must fulfill in his
or her lifetime and they are the framework of thedin life. These pillars are the
testimony of faith, prayer, givingakat(support of the needy), fasting during the month
of Ramadan, and the pilgrimage to Makkah (Meccagan a lifetime for those who are
able. In 622, Muhammad established the originallMusommunity (umma) in Medina
which was open to all tribes and clans. To redbeesbcial differences within the umma,
the Islam had introduced the religion instead efltlood as a social bond among the
umma. Within ten years, the Islamic umma expantezlighout the entire Arabian
Peninsula with preliminary structures for a stdany tribes joined the community and
the umma became more powerful than before. In #@&2prophet Muhammad died and
the entire Arabian Peninsula was associated wéhuthma and almost all Arabs were

united in Islam. The death of the prophet Muhammuasd followed by an Islamic
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meeting by his original followers to select the nealiph (successor) of the umma. The
fist caliph was Abu Bakr (632-634), followed by Un{&34-644), followed by Uthman
(644-656), and finally Ali (656-661) who was Muharmuis cousin and son-in-law
(Lewis, 1993; Mansfield, 1992; Rodinson, 1981).

In the 17" century, two great kingdoms existed and usualyosed each other:
the Roman-Byzantine Empire in the west and theif&eEmpire in the east. The Islamic
umma arose as a hew power on the political stage Idlamic conquests started under
the second caliph Umar, and quickly led to the aledé the Byzantine Empire and the
Persian-Sassanid Mesopotamia. Lewis (1993) andnRodi(1981) believe that the rapid
Islamic expansion had profound demographic afféatsing the regime of the Umayyad
Caliphate (661-750), the Islamic empire stretchiethfthe borders of China and India in
west Asia, Central Asia, the Middle East, Northigdy Sicily, and the Iberian Peninsula.
Through the Islamic expansion, a large number @ividuals from multiple ethnicities
such as Persians, Chinese, and Africans convertisthin. Islam became the religion of
Arabs and non-Arabs alike, and the Arab elememsnashed in importance as non-Arab
cultures, particularly Persian, Indian, and Greaiatributed to the emergence of a new
Islamic civilization (Hitti, 2002; Lewis, 1993; Rotson, 1981).

Today, multiple sources have estimated that 11258 billion Muslims of
different ethnicities populate the world. Howewegst of the Arabs are inhabitants of
the Arabian Peninsula-- a geographical area whhdllion kn? landmass represented
today by the following countries: Yemen, Oman, @diArab Emirates, Saudi Arabia,

Qatar, Bahrain, Kuwait, and Jordan (Rose & Pet#agid09).
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Occupation of Arabia: Genetic evidence

The Arabian Peninsula links three continents, Afrigsia, and Europe. The
location of the Arabian Peninsula played a majte no the dispersal of earifomo
sapiensout of Africa and consequently in shaping the gierstructure of Arabia (Pérez-
Mirandaet al, 2006; Petraglia, 2003; Rose, 2007). Studiesefttabian Peninsula
populations reveal that there are distinguishingegje characteristics in the people living
today in the area (Al-Zahest al, 2003).

There are two models to explain the early humarratimn out of Africa and
consequently the occupation of Arabia, the closest to Africa. These models are
known as Out-of-Africa and Multiregional Origin mald. Although the Recent Out-of-
Africa model has been scientifically supported,siioms regarding the timing, routes,
and geographical destinations are still being debdecent studies have proposed four
routes of human expansion out of Africa (Derricp@605; Rose, 2007; Rose &
Petraglia, 2009). The most widely accepted routbrsugh the Sinai Peninsula (a land
route) while the other routes are water crossimgéiding the Sicilian Channel, the
Strait of Gibraltar and the Strait of Bab el-Mandalhe southern Red Sea (Derricourt,
2005).

The Sinai Peninsula and the Strait of Bab el-Maratalthe two routes leading
toward the Arabian Peninsula, which is a junctionrecting Africa, Asia, and Europe
(Figure 1). The Arabian Peninsula is assumed te Ipdewyed a critical role in earlfomo
sapiensmigration out of Africa. Hence this discussionlvidicus on the Sinai Peninsula

and the Strait of Bab el-Mandab routs (DerricoR005).
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Figure 1. The two routes that connect Africa to the Aratfaminsula

Using either Sinai Peninsula or the Strait of Babandab, anatomically modern
Homosapienswere able to reach the Arabian Peninsula and EurBise Bab el-Mandab
is the Strait that separates the southwesterngpoofi the Arabian Peninsula and Africa.
According to Petraglia (2003), the early Bab el-Maim Strait crossing model is less
likely because of the absence of a land bridgeaapaucity of archaeological evidence.
However, Baileyet al. (2007) provide paleo-climatic and paleo-geograghévidence
that support the earjlfomosapiensexpansion toward the Arabian Peninsula and Eurasia
via the Bab el-Mandab Strait during the Pleistocene

The Sinai Peninsula is the only land bridge thaihexts Africa and Eurasia.
However, there were various geographical and ea@dbgbstacles in the Sinai Peninsula
ranging from limited water resources to the presesfanarshy areas which may have
hindered human expansion. Archaeologically, thermoiindication of the earjiomo
sapienssettlements in the Sinai Peninsula (Derricour@3)0Recent genetic

investigations are suggestive that both routes baea used by the eatomosapiens
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on their way out of Africa (Lawler, 2011; Petraghial, 2010; Rose, 2007). The next
section provides general information regardingrttudecular markers, followed by
investigation of the genetic structure of Arabia.

Mitochondrial DNA (mtDNA)

Analysis of mitochondrial DNA (mtDNA) has been applto the studies of
human origins and evolution by tracking dispersdtgrns and estimating times of
divergence and coalescence within and betweenespeaditochondrial DNA has distinct
features which distinguish it from nuclear DNA. nNB is maternally inherited
(uniparental) and lacks recombination making itceal tool for the investigation of
genetic structure of any population through matdimes. The high substitution rates in
the control region of the mtDNA allows for estimatd# coalescence and phylogenetic
studies of closely related populations (Bermishetval, 2003; Richardst al, 1996).

Mitochondria are double membrane organelles thiat exthe cytoplasm of cells
and have their own distinct DNA which is separabverf nuclear DNA. Each cell in the
human body contains 10 to 100 mitochondrial cormpants. Mitochondrial genomes
vary within each mitochondrial compartment frono2li (Bandelet al, 2006). In the
cell, mitochondria function as the centers of epgngpduction which is involved in
cellular homeostasis. This energy is produced tjindbe oxidative phosphorylation
pathway involving adenosine triphosphate (ATP) (@ztet al, 2006; Cavelieet al,
2000).

The mitochondrial genome is a circular, doublerstesd DNA, maternally
inherited, and consists of approximately 16,58%hzsrs (bp). The mtDNA encodes 13
polypeptides as well as the 22 transfer RNA (tRNAhes and two ribosomal RNA (r-

RNA) genes necessary for the transcription andtasion of the mitochondrial genome.
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The mtDNA non-coding control region (D-loop) is aibd,100 bp long (i.e. about 7% of
the genome) and is involved in transcription arglication processes. The mtDNA
control region is divided into 3 regions, hyperahie region | (HVS-I), hypervariable
region Il (HVS-II), and hypervariable region 11l §B-I1l) (Figure 2). The hypervariable
region | is the one which is most commonly studredvolutionary genetics research

(Andersoret al, 1981; Bandelet al, 2006; Bermishevat al, 2003).
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Mitochondrial DNA (mtDNA)

Figure 2. Mitochondrial DNA genome with hypervariable | aid

In 1987, Canret al. presented data that indicated a recent Africagiroof
modern humans between 140 and 280 thousand year$lag study was based on
restriction fragment length polymorphism (RFLPs)ia@on among the mtDNA of 147
humans from five geographic populations, includidgca, Asia, Australia, Caucasus,
and New Guinea. The RFLP technique was the mostmorty used molecular
technique during the 1990s. Today, some researshbispply the RFLP technique but
with finer resolution. However, improvements inichpequencing technology have
moved researchers toward using rapid sequencihgrrdtan the RFLP technique (Abu-
Ameroet al, 2008; Bandelét al, 2006; Bermishevat al, 2003; Budowleet al, 1999).

In addition to the RFLP technique, sequencing tidrol region for use in population
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genetics has been utilized because of the highedegfrpolymorphism that can be found

in this relatively short sequence.

Y-chromosome

The Y-chromosome is a unique genetic charactesticales with largest (95%)
nonrecombining portion (NYR) of the human genona ttan be used to study paternal
human evolution, migration, and genetic procesdesnimer & Zegura, 2002). The
chromatin of the Y-chromosome is found in threecfiomally different forms including:
Pseudoautosomal regions (PARs), Euchromatin, aterétdromatin. The PARS are
located in the telomeric regions of the chromosdinging male meiosis, PARSs pair and
recombine with the X-chromosome. The euchromatinsists of the functional genes,
and is the sex-determining region of the Y-chrommes¢SRY gene). Figure 3 shows

different regions of the human Y-chromosome.
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Centromere Key: PAR: Pseudoautosomal region
SRY: Sex-determining region of the
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- MSsY

Heterochromatin
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Figure 3. Different regionsf the human Y-chromosome

The Y-chromosome preserves a unique record of muotdtevents and consists
of about 60 million bases of DNA, most of which it code for protein (Novelletto,
2007). The NYR region of the Y-chromosome comprisestypes of Markers: slow

mutating Single Nucleotide Polymorphisms markerPSNand faster mutating short
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tandem repeats (STRs). The mutation rate of thesS&P X 10 per base per generation
which is slower than the STRs rate 1.2 X3}@r locus per generation (Crawford, 2007).

The STRs are blocks of 2-6 base pair tandem repetstthat are scattered
throughout the genome, abundant, and highly polpimor They usually have multiple
alleles and demonstrate high levels of heterozygos$iapproximately 70% making them
highly informative for genetic analysis and thesi@nce of phylogenies among
populations (Schlotterer, 2000; Whéeal, 1999). The STRs account for approximately
3% of the human genome, have higher mutation hate dther parts of the Y-
chromosome, and exhibit high variability in a paidn making them a useful tool to
track the recent genetic events (Ellegren, 200A¢rd& are thousands of genomic Y-STR
markers that are used to characterize populatidmey are very useful due to their high
heterozygosity that comes from having 3 or moreledl of the same marker. Combining
several Y-STR markers can yield a motif that camtelséed in a population (Ellegren,
2004).

SNPs are the most common form of the binary mankéish have a lower
mutation rate that allow the reconstruction ofdéineestral history and preserve the
population specific haplotype information (Undelrletl al, 1997). In addition to SNPs,
the insertion /deletions (indels) events at spesifies on the Y-chromosome are another
form of binary markers. These markers are knownirgary because the single base
changes occur in two possibilities of alleles dirkal position of the DNA sequence. In
general, binary markers represent unique evennpaighisms in human evolution and
they are useful in the identification of deep spiit the Y-chromosome genealogy

(Crawford, 2007; Millset al, 2006).
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In the 1990s, the application of Denaturing Highf&enance Liquid
Chromatography (DHPLC) led to the increase in timlper of the identified binary
markers to more than 200. These markers contritpdedively in understanding the
genetic structure, variation, and history of muétipopulations. However, the
nomenclature of the binary markers has been instardidepending on the research
groups and their method of reporting their resi8tsmetimes the same haplogroups of
the Y-SNPs have different names, which caused swoniun reporting and
understanding the genetics of the different poparataround the world. In 2002, the
nomenclature was unified by the Y-chromosome Cdnsuor(YCC). The different
haplogroups of Y-SNP were defined and named aaegitdi a system that allows easy
incorporation of newly discovered mutations. In 20the Y-chromosome Consortium
nomenclature was updated again and resulted itabaio311 haplogroups with 600
binary markers (Karafedt al, 2008).

The paternal haplogroups are identified by mutatiana given biallelic locus
(SNPs or indels). Currently, there are 20 NRY hgpdaps characterized by 20 capital
English letters (A-T), and the primary SNP or inttedt defines it (e.g., E-M81) (Y-
chromosome Consortium 2002). While the M mutationécate those identified by Peter
Underhill’s laboratory, the P mutations refer totations identified by Michael
Hammer’s laboratory. However, most of the P mutegifvom 123 to 297 were identified
by different studies that published their mutationpublic database (Karafet al,

2008).
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Genetic Structure of Arabia

The presence of the anatomically moddiomo sapiengn the Arabian Peninsula
has been traced genetically through both mtDNAYaothromosome analyses
(Quintana-Murcket al, 1999). The genetic analyses indicate that thig #Bymo sapiens
had crossed the Arabian Peninsula through the ltearaa and the Horn of African.
Recent mtDNA studies indicate that the mtDNA hapbog ROa (previously known as
preHV) is presents at high frequency in the Arali®@ninsula with the highest frequency
of ROa reported to date in western Yemen (25.6%¢. Aigh frequency of haplogroup
ROa accompanied with the estimated coalescencedfimieout 19 + 7.0 ka suggest it has
a pre-Holocene occurrence in Yemen and followedsgppearance in Arabia and the
Middle East. The presence of high frequency of R&@aogroup and the African
haplogroups are usually used to distinguish théraPeninsula populations from
European and Caucasus populations. Recent stgglied the haplogroup frequencies of
ROa and HV which occur at 18.8% in the Arabians/(¥id et al, 2003), 20.6% in the
Arabian Bedouins (Di Rienzo & Wilson, 1991), 14.8%draq (Al-Zaheryet al, 2003),
and 23% in Kuwait (Theyaét al, 2012). Recent phylogeographic analyses of ROa
haplogroup detected several radiations of thisecktt several of its subclades in areas
centered in the Middle East and Arabia and datea fthe Neolithic era. According to
Richardset al. (2000, 2003) the haplogroup ROa has a Middle Eastegin which
eventually evolved into haplogroup H which is thestnabundant haplogroup in Europe
(45%) and the Near East (25%).

The mtDNA analyses and more precisely the phylogedestribution of
haplogroups M and N in southern Arabia and souttemesAsia support the early exodus

out of Africa through Arabia. Both haplogroups Mdad share similar founder ages and
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they are derived from the African haplogroup L3wsdwer, the greatest diversity among
the M lineages is reported from India. It has blegpothesized that both lineages, M and
N, either occurred in East Africa or were carrigdelarly hominins during their

expansion out of Africa. These genetic analysegesighat Southern Arabia served as a
connection area, connecting Africa and West Aséhsaubsequently South Asia in the
first dispersal out of Africa. In addition to out-Africa dispersal, the Arabian Peninsula
witnessed early migrations back to Africa. The mfbahalyses in Arabia indicate that
the M haplogroup is present in low frequenciesgnag from approximately 2% to 7% in
Yemen and Kuwait (Cerngt al, 2008; Theyalet al, 2012). However, this haplogroup is
represented mainly by recently derived haplotypkghvare similar to those found in
India, suggesting a recent Indian gene flow. Thothesis supports the expansion along
the Indian Ocean rim through the Strait of Bab e@rdab during the pre-Holocene, and
followed by a west Eurasian expansion derived feoradiation from India (Petraglet

al., 2010). Figure 4 presents a map of the proposae kif migrations out of Africa.
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Figure 4. Map of one of the proposed out of Africa migratronits of anatomically modei.
Sapienghttp://www.sanger.ac.uk/research/projects/humaluion/)
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Although the previously discussed distributionhis standard mtDNA structure in
the Arabian Peninsula, there are some unique mtBiX4ctures. Al-Zahergt al. (2003)
have detected the presence of the European hapjmgkd and V in Iraq with frequency
of 20% and 0.5%. These results support the presdrtbe European gene flow in Irag.
In Jordan, a recent mtDNA study examined the pdulatructure of two areas Amman
(urban) and the Dead Sea (isolated). Although #reetic structure of the Jordanian
subpopulation from Amman is similar to their sumding populations, the inhabitants of
the Dead Sea area showed a high frequency (39%)rasian haplogroup U3, lacked the
haplogroup R0Oa, and exhibited low frequencies ajlittec mtDNA haplogroups J and
T. The frequency of haplogroup U3 is highest inkhiddle East. However, similar
frequency has been reported in Northern Camerodoe& high frequency in both areas can
be explained as a result of genetic isolation feihg an early human expansion.

The paternal genetic structure of the Arabian Paranis similar to the maternal
structure in that both support the hypothesisttatArabian Peninsula was inhabited by
earlyHomo sapiensHowever, the Y-chromosome STRs analyses shovwgkavetic
diversity compared to European populations. Theifig can be explained by kin
migration and the nonrandom mating by mean of cogsaity marriage.
Consanguineous marriages, particularly amongdoasins, are common in the Arabian
Peninsula due to cultural beliefs. Multiple studiedicate the rate of consanguineous
marriages in the Arabian Peninsula ranges from85®57.7% (Cadenad al, 2008).

The Arabian Y-chromosome can be characterized biyrfajor haplogroups: J,

E, R, and T (Al-Zahergt al, 2003). Haplogroup J with its subclades J1-M263 2
M172 are the most abundant in the Arabian Peningittafrequencies 58% in Saudi

Arabia (Abu-Amercet al, 2009), 58.3% in Iraq (Al-Zahest al, 2003), 66.7% in
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Qatar, 45.1% in United Arab Emirates (UAE), and282.in Yemen (Cadena al,
2008). Although J haplogroup is the most abundathe Arabian Peninsula, its
subclades show distinctive frequency distributiofkile the frequency distribution of
J1-M267 subclade increases in southern Arabia enckdses toward the North, the
subclade J2-M172 increases in the Levant area ecre@ases toward the South. The
recent phylogenetic analyses indicate that the 26-Mineage was brought to the
Arabian Peninsula through the founder effect asgediwith small groups migrating
from the Levant during the Neolithic period. Anatlamcestral population with J2a-M410
clade remained in the Levant and is associatedfaithing economy (Chiaromit al,
2010).

Haplogroup E is another Y-chromosome haplogrouptitied in the Arabian
PeninsulaHaplogroup E is widely distributed across the MalBlst, Africa, and the
Mediterranean basin. Previously, it had been hygm#ed that the haplogroup E has
Middle Eastern origin and was brought to Europerduthe Neolithic expansion
(Hammeret al, 1998; Seminet al, 2000). However, a recent study proposed that
haplogroup E has African origin since its basatdiges are found among African
pygmies and Bantu-speaking populations (Bernieé-teal, 2009). It is difficult to
interpret and draw conclusions from this geogragihiavidespread haplogroup. Recent
studies identified the presence of E1lbla, previokisbwn as E3a-M2, which is defined
by M2 mutation, lineage in Oman 7.4% (Leisal, 2004), Qatar 23.8% (Caderetsal,
2008), Yemen 3.2% (Cadenetsal, 2008), UAE 5.5% (Cadenasal, 2008), Saudi
Arabia 3.8% (Abu-Ameret al, 2009), and Iraq 0.99% (Al-Zaheey al, 2003). The
presence of this lineage in the Arabian Peninsuémiindication of ancient gene flow

from East Africa.
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The distribution of the E1b1bl1 (E-M35), previoukhown as E3b1-M35, and its
derivatives, E1blblc (E-M123) and E1blblcl (E-M8#)Yemen, Qatar and
UAE, suggests that these haplotypes arrived in iAratore likely through the Levantine
corridor rather than through the Strait of Bab efidab. This route follows the same
pattern in which several mtDNA haplogroups havenagoduced into the Arabian
Peninsula during the Neolithic period (Cadeetal, 2008). The Near East is another
possible place of origin of the E1blblc (E-M128ghge due to it is high frequency in
the area compared to it is Eastern African presessteicted to Ethiopia (Abu-Ameret
al., 2009; Seminet al, 2004). In general, the frequency distributioriref E1blblc (E-
M123) lineage in the Arabian Peninsula supporis dtrrival along two routes: the Strait
of Bab el-Mandab and the Levant and forming indelpenisolates. However, Flores
al. (2005) found that the highest frequency of the Hillc1 (E-M34) to date is in a Dead
Sea population sample from Jordan (31%). This téssgimilar to that found in
Ethiopian sample (11%) and can be explained asudt raf isolation and genetic drift
effects (Abu-Amereet al, 2009; Crucianet al, 2004). In Saudi Arabia, two individuals
carrying the basal lineage E-M96 have been idewtifl his finding supports the
proposed scenario in which early unipaternal huhegpiogroups such as DE-YAP
evolved out side of Africa. The Levant and the &eut Arabia are the most likely
regions in which the diversification of non-Africkaplogroup took place. One DE-YAP
ancestor possibly spread into Asia and evolvedhagogroup D and another DE-YAP
ancestor returned to Africa and evolved into haggog E (Abu-Amereet al, 2009).

The ancient haplogroup R is defined by the M173atioim and its highest
frequency is in Eurasia (> 50%), especially subetald1al-M17 and R1b1b2-M269, are

of relatively high frequencies when compared teeotiaplogroups in the Arabian
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Peninsula. The origin of these widely distributeghllogroups in Europe and Asia are
controversial. However, recent studies supporsthehwest Asian region rather than
Central Asia as the origin due to the genetic difgiof Y-STR haplotype variation in R1
and R2 clades (Underh#i al, 2010). The presence of these haplogroups in Angbi
probably due to back migration by an early ancéptpulation to Africa. The frequency
distribution of the R-M17 in the Arabian Peninsigd®.1% in Saudi Arabia (Abu-Amero
et al, 2009), 6.94% in Qatar (Caderetsal, 2008), 7.36% in UAE (Cadenasal,

2008), 9% in Oman (Luist al, 2004), 6.9% in Iraq (Al-Zaherst al, 2003), and 1.37%
in Jordan (Luiset al, 2004). On the other hand, the highest reportbedlade frequency
R-M269 in the Arabian Peninsulais in Iraq (9.85&0) the rest of the region shows a
frequency range from 1% to 4%.

The next haplogroup that has been identified inAtabian Peninsula is
haplogroup T, formerly known as K-M70 (K2). Thisphagroup originated in Asia
following the emergence of the K-M9 haplogroup (@6ky) (Underhillet al, 2001).

The haplogroup T present in the Arabian Peninssgalted from the migration of
haplogroup T individuals to Africa. The distributiéerequency of the haplogroup T
reported in the Arabian Peninsula which was 4.94%AE (Cadenast al, 2008), 5.1%
in Saudi Arabia (Abu-Ameret al, 2009), 5.91% in Iraq (Al-Zahemst al, 2003), and
8% in Oman (Luiset al, 2004). The Omani frequency is comparable to hatbeen
found in Somalia (10.4%) (Sanchetzal, 2005).

The Y chromosome variation in the Arabian Peninsulzot limited to those four
haplogroups discussed previously. However, thexesaveral haplogroups in the Arabian

Peninsula but with low frequency ranging from 0.4&%8%. These haplogroups have
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not been discussed because such low frequencidd woucontribute significantly to the

Arabian genetic structure. Examples of these haplggs are B, C, F, G, L, and Q.
Archaeology of Kuwait:

Although most of the archaeological sites in Kuviaitnd to date are located in
the Failaka islands, recent excavations discovéredldest boat model yet identified
with related pottery remains (Figure 5). These iesyaere found in a coastal area
known as As-Sabiyah (H3) (Cartetral, 1999). According to Robert Carter (2006) and
Potter (2009), these remains are evidence of mmeriixchange and trade between the
Neolithic communities of Eastern Arabia and Ubasdenunities of southern
Mesopotamia during the sixth and fifth millennia BCarter, 2006; Potter, 2009). As-
Sabiyah (H3) is currently the only archaeologictd g1 Kuwait, while the rest are found

on Failaka Island.

Figure 5. The boat model in the middle and related archagcdd remains

Failaka (also known by Failakah or Faylakah, amally known by the names
Feileche, Feiliche or Feliche) is the only inhathiteland off the coast of Kuwait, located
12.4 mile (20 km) from Kuwait. In antiquity, Failakvas nametkaros by the Greek

geographer Strabo and historian Arrian in theicdpson about the Arabian Gulf
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(Rajab, 1999). During 1970s, many names have been {p Failaka Island in early
maps such as Ichara, llha de aquada, and I-Pe{Beljb 1999). I-Peleche is the closest
pronunciation to the local name of Failaka Islartdoh is Feileche (Rajab, 1999).
Failaka Island has attracted the attention of arclugists since 1958 when
Danish archaeologists examined many archaeologit&dcts from Failaka Island such
as temple, stamp seals, and slabs (Figure 6) (RE§®9). According to their findings,
the history of Failaka Island is tied to the begngnof the second millennium B.C.E and
extended over to the Bronze Age when the Dilmuntlization established a trade and/or

a military station in Failaka Island (Casey, 20B@jab, 1999).

Figre 6. Temple of Artemis in Failaka Island
Most of the archaeological sites found in Failadand are associated with the
Dilmun civilization. Tell Sa’ad wa Sa'’id (F6), Al4idr, and Al-Awazim are the major
archaeological sites in Failaka Island which arted@ the Bronze Age (Figure 7). The
cuneiform and Proto-Aramaic inscriptions on ve$sgments, stamp seals and slabs
from excavations indicated that the temple of tbe mzak, tutelary god of Dilmun,

existed in Failaka Island during the Bronze Agej@Bal999).
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Figure 7. Archaeological sites in Failaka Island

During the Hellenistic period the army of Alexandee Great and Greek sailors
reached Failaka and established a trading colamjaka was named Icaros or Ikaros
during that time. The name was engraved on a $adolet which helped archaeologists
determine the history of Failaka. After the dedtilexander the Great in 323 B.C.E.,
his empire was divided by his generals; one of tiaas his friend Seleucus who became
a king of the Seleucid Empire which occupied anatratied Failaka. At the south-
western side of Failaka Island, the Seleucids lauidirt plus multiple buildings for
various purposes. The possible events followingathigal of the Seleucids to Failaka are
not well documented and not supported by any antbgeal evidence (Casey, 2007;
Pietaet al, 2009).

The Late Pre-Islamic Period is another epoch ifakaihistory. In the middle of
Failaka Island, a large agriculture village wasatiéd in an archaeological site known as
Al-Qusur. This site was dated to tH&&" and 7/8" centuries and was excavated by
three international archaeological expeditionsaperiod from 1976 to 2006 (Rajab,
1999). During these excavations, a church was foautioe middle of the village which
belonged to a Nestorian Christian community whetided on Failaka Island.
Approximately 140 farmsteads were found in thdage and each farmstead has its own
habitation and activity area. Al-Quraniya and AlrZme two archaeological sites that
associated with the Middle and Late Islamic Pe(Rdjab, 1999). The archeological
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excavations are still continuing in Failaka Isla the more archaeological sites found

the better the reconstruction of Failaka Islandanys
History of Kuwait:

The first European map of Kuwait territories wasated by a Dutch sailor in
1645. The sailor was searching for his way to Béswath Iraq), but by mistake he was
in the Bay of Kuwait. In the early maps, Kuwait sstimes was known by Al-Qurayn
(Grain) which means “the top of the hill,” or it walso known akKut, which means “the
small castle or fort” (Alghanim, 1998; Slot, 2008he archaeological sites uncovered in
Kuwait reflect a vital location which has been ubgdancient civilizations as a military
or trade station.

The establishment of Kuwait as a state reflecituatson of traditional tribal
societies that migrated from Najd in earl;}hk&antury to find new pastures and water
sources that could sustain their livestock. Thelfgtop for the migrating tribes was in
Kuwait. The processes of state formation in Kuwtatted by the arrival of the tribes,
who were organized by means of the labor diviskimoury et al, 1990).

Kuwait experienced two important stages of statmé&tion, each composed of a
major period of change followed by a period of @t®n and adaptation to these
changes. The first period started with the arrofdUtub families in Kuwait, while the
second stage was initiated by the discovery ofBmth stages had a vigorous impact on
the evolution of Kuwait’s political structure. Kuwa political structure transformed
from stateless to state society under British supi@n and guidance. British colonialism
also had its impact on the formation of Kuwait thgh the demarcation of Kuwait's

border and oil discovery (Lienhardt & Al-Shahi, 200
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Utub Families Migration

Kuwait was established in thet%entury by the arrival of nomads, known as
Utub, who settled within the region of Kuwait. Utigha group of families derived from
the Arab tribe Aniza, which migrated from a platéaown as Najd. Najd has been the
home of nomadic tribes of Arabian origin known asiBuin. Utub families were highly
organized and dependent on the presence of walgramsture locations for sustaining
themselves and their livestock. In the absencegmtér, the Bedouin tribes migrated
from one location to another searching for pasaune water (Casey, 2007).

The political patrilineal structure of the Bedousrunique and consisted of three
sub-structures: household, clan, and tribe. Holdalepresent a group of individual
families, and households then grouped to form a. d&ae final sub-structure, tribe, is
consisted of multiple clans. The name of most clamerived from a common ancestor.
Similar to most tribes in the Arabian Peninsulajzartribal unity emerged from kinship
sodalities. (Alghanim, 1998; Anscombe, 1997; S2603).

Prior to 1613, a small fishing village was estai#d by Bani Khalid tribe in what
is now Kuwait. This tribe controlled eastern Arabral the coastline from Basrah to
Qatar. Sheikh of Bani Khalid, Barrak bin Ghuraiéc@led to construct a home in Qurain
(Kuwait). This home was used as either a summerehamna storage place. Although
Barrak bin Ghuraif was technically the first rutgrkKuwait, there is no evidence that
indicates the period of his settlement in Kuwaiag€y, 2007).

In the 17" century, the drought was extreme and the lackiofall limited the
availability of pasture land in Najd and there wasway in which the tribes could sustain
their life. As a result, they started their jourredymigration to find another place with

superior availability of water and pasture. The naiign routes started toward Qatar.
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Historians believe that the Utub families settledatar for approximately fifty years,
and then they scattered all over the Arabian Qiilé second migration route was from
Qatar toward Kuwait. This route of migration wasygoart of different routes for the
Aniza tribe (Anscombe, 1997; Slot, 2003). The alllity of fresh water was the first
obstruction for Kuwait's settlers. So they dependedwo main sources of fresh water in
Kuwait. The first source of fresh water was raimevaDuring winter time they collected
water and stored it in underground cisterns fankdng. The other source was the high
reaches of Shatt Al-Arab (Lienhardt & Al-Shahi, 200

Overtime, Utub families were able to gain the cohftrom Bani Khalid and
minimize the role of Bani Khalid to control the pofhe internal organization of Utub
families gave them the power to control Kuwait. bJtamilies consisted of three
principal divisions and they are called Al-Sabdte (tuling family of Kuwait), Al-Khalifa
(the ruling family of Bahrain), and Al-Jalahima. & harrival of Utub families to Kuwait
was the beginning of changing the tribal life. Tinst reason for settlement of Kuwait
was the availability of water. Kuwait’s locationréed Utub families to adapt the new
environment where the presence of water was adtedsithem. Also, they were able
take advantage of the critical geographic locatibKuwait. The adaptation to the new
location started with the structural re-organizatod Utub families. Also, they depended
on the Arabian coast, its fish, its pearls, andréding, as well as the advantages of
Kuwait’'s harbor. At that time the commercial netar Kuwait was expanded and they
started to exports the goods to Africa and Indiag@ombe, 1997; Slot, 2003).

The Utub re-organization by means of dividing trekvamong the three main
divisions was necessary in this critical periodider to sustain and control their lives on

the one hand, and to share the total profits egoallthe other hand. As a result, the Al-
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Sabah family was responsible for administeringitibernal and military affairs of the
community, and their rule was similar to the goveent rule in our day. While searching
for pearls was the main job of Al-Khalifa familye Al-Jalahima family was responsible
for the maritime trades. The division of labor eefs the belief in the values of team
work (Lienhardt & Al-Shahi, 2001).

In 1730, one of Oman’s religious leader requesssistance from all Arabian
settlements to defend the territory of Oman agdhesPortuguese military attack with
intention to reduce the commercial expansion olfeaKuwait responded by sending
two ships loaded with munitions. That was the fitlstumented foray into foreign affairs
by the settlers of Kuwait (Casey, 2007).

By either 1752 or 1756, the election of Shaikh $ata Jabir as a leader by the
Utub families was the first sign of the establighauthority of Al-Sabah in Kuwait. In
addition to local administration of justice, Sha&hbah bin Jabir was responsible for the
collection of taxes and tariffs. In 1760, the cieabf a mud wall was the first indication
of Kuwait’s territories which were located under®abah power. Also, the mud wall
provided a kind of protection for the Al-Sabah awitty and territories against other
tribes (Slot, 2003).

After the death of Sabah in 1764, the senior membkAIl-Sabah family elected
Sabah’s youngest son, Abdullah. This election veset on Abdullah’s sense of justice
and intelligence in consulting the group in impattmatters. From then on, the tradition
of election changed to be based on the appropeaaseof the member to be the leader
rather than on who was the oldest (Slot, 2003)ikBh&bdullah has not changed the
policies of his father which led to sharing the mmmic benefits among the community

members (Slot, 2003).
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Al-Sabah...The Ruling Family

In 1760s, dramatic changes occurred in Kuwait whitracted many merchants.
At that time Kuwait has transferred from a smailitery to a center of trade in the
Arabian Peninsula. Kuwait was the main stop paniither camel caravans from
southern Arabia or trading vessels. Wealthy Kuwatitiilies were able to obtain their
own ships and started a circular trade to eitheicAfor India (Casey, 2007).

Another dramatic change was the departure of thiéhalifa family and the Al-
Jalahima family from Kuwait. The reason behind ttligiparture was unclear. However,
some evidence attribute the disagreement betweeAliKhalifa family and Shaikh
Abdullah as the main reason. While others indidaa Al-Khalifa family and the Al-
Jalahima family escaped an invasion threat from BEaab tribe who settled in Arabistan
region of Persia (Iran). These reasons forced thalAl-Khalifa family and the Al-
Jalahima family to departure Kuwait toward Zub&auth Iraq) and then to Bahrain
(Slot, 2003; Casey, 2007). The Al-Khalifa was ableonquer the island and they ruled
Bahrain since that time. The Al-Sabah and the A&li€h maintained good economic and
political relationship.

The departure of the Al-Khalifa family remalvihe internal threat for Al-Sabah
family, and the situation left the Al-Sabah to exse their authority and control Kuwait
without any internal threat that could replace Al&abah family. In doing that, Al-
Sabah gained economic and political advantages. r&sult, the Al-Sabah family no
longer shared their overall income with other faesil and they increased their
percentage of the income (Slot, 2003). The occapaif Basra (sea port) by Persians
shifted the pearl fishing trade and the Indiandremlites to Kuwait. In addition to the

trade shift, the successful relationship betweeskBhAbdullah and merchant families

37



raised the economic profit for Kuwait (Slot, 200Bhe British East India Company had
established a factory in Basrah. However, the fadtgon in Basrah led to transferring
the company to Kuwait for the period 1739-1795.oligh the British East India
Company, the Kuwaitis had their fist exposure ® Bnitish Empire. At that time, the
concern of the British Empire was to enforce tlabiity through protecting their sea
lines of communications from the Red Sea to Indthar than gaining control over the
Arabian Peninsula. Their first goal was preventang foreign power from threatening
their sea lines of communications through usingAtaebian Peninsula as a base of
attack. The second goal was controlling the locaVgr in the region from gaining any
military strength which eventually could threatboge sea lines of communications
(Casey, 2007).

In 1812, Shaikh Jabir was elected by Utub famiifter his father’'s death. By this
time, the Al-Sabah were firmly in control of Kuwaithe main task of Shaikh Jabir was
keeping the interest of the wealthy family awaynirbis controlling authority through
creating a good economic environment for them togiase their profit. Kuwait depended
on sailing for fishing and pearl fishing. In additi making trade routes with other
countries helped to increase profits. Utub famisigsted to sail toward the Red Sea
Coast, the Coast of Sind, and Bombay (Slot, 2003).

Economic Development

Fishing is the first source of livelihood for thée because of the simple
technology that was used in fishing, such as A@start fishing the tribes needed to
create fishing equipment to enable them to enteséa and start fishing. Fish was the
main protein source in early Kuwaiti life, and mpsbple ate fish daily. On the other

hand, consumption of red meat and chicken was legryand provided only a minor
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source of protein in their diet. Fishing, as angtaer maritime occupation, is men’s
work. The women could help the men from their faesiby tying ropes onto the net
(Lienhardt & Al-Shahi, 2001).

Men usually made their own fishing nets. Kuwaitibés took advantage of their
environment, so they used every natural sourcthfar benefit. For example, the date
palm was the only source of material used to cansfrshing equipment. It is normal for
fishers to make their own nets, but not in consingcboats. Consequently, carpenters
specialized in constructing boats (Lienhardt & Alai, 2001). At first, the wealthy
families were the owner of these ships and they tieg major profits with a small
sharing to Al-Sabah. Ship captains were next irlitteefollowed by crewmen and pearl
divers.

In contrast to fishing, seafaring merchant wasndne complex type of maritime
activity in terms of organization of individual ap#ion. Fish and pearls were used by
fishermen for their own purpose, such as selligrtiin local markets. In case they had
an extra amount of fish or pearls, they would $hgm to external markets that were
located in India or Africa. During the summer, hteds of Kuwaiti ships were
specialized in pearling and they were selling tte@mearby market.

The travels by ships could take several monthsdch foreign markets in either
India of Africa. However, their need for importedagls was the main reason to motivate
Kuwaiti tribes to undertake long and arduous trgdiayages. The captain of the boat
depended on astro-navigation to determine his weysa the sea (Lienhardt & Al-Shahi,
2001). In their way to return to Kuwait, they impem many goods and raw materials.
Their imports consisted of rice, wood, sugar, gndes from India; grain and dates from

Basra. Although the slave trades were not the pagpect of trade in Kuwait, their few

39



slaves brought to Kuwait from Africa. Although tletails are unknown, the slaves were
probably brought to Kuwait for transshipment byatésaravan to either western or
northern markets (Slot, 2003; Casey, 2007). Shaaldir collected one percent duty from
the imports (Slot, 2003). In addition to the manii trade with India and Africa, Kuwait
also became an important stop on land for the tradies that linked India, Arabia, and
Persia to Europe (Slot, 2003).

Kuwait’s Social Structure

Trade, as we have seen, divides Kuwait societythmee social groups: the ruling
family, the merchants, and the Bedouin. The manmttion of the ruler was as arbitrator
in all major disputes. The Shaikh depended on wuces to develop his final judgment.
The first source was th&tf (the customary rules), and the second Slaari’alaw (the
Islamic law). According to the nature of the rularked which it should be accessible to
all Kuwaiti population, they introduced theajlis. Majlis was a place where the Kuwaiti
population members could meet the ruler to intrediheir disputes and discuss their
needs (Alghanim, 1998; Lienhardt & Al-Shahi, 2001).

Kuwait’'s population consisted of a specific soatlcture. The merchants,
similar to the ruling family, were small in numb&he merchants were divided into two
groups. The first group had almost all the shipsl, they controlled commerce in Kuwait
(Slot, 2003). The second group consisted of a latgeber of small merchant retailers.
The first group of merchants was wealthier thansé@ond group. Finally, Bedouin were
a mobile group who searched for new pastures idlésert. The Bedouin were known to
be good fighters and aided the Al-Sabah familyhgirtwars (Alghanim, 1998; Lienhardt

& Al-Shahi, 2001).
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Bedouin tribes formed a political group in whicle loyalty between its members
united them. The political structure of the trilmmsisted of the Shaikh of the tribe and
the tribe members. The Shaikh of the tribe hadrvagor roles. First, he was leader of the
tribe in any attacks. Second, the Shaikh was ireain internal segmentary structure of
his tribe, such as internal disputes among tribmbes. The Shaikh of tribe recognized
the necessity of the modification elementary sedrokthe tribe political structure in
order to be part of the new society in the nexgestaf evolution. This modification
happened due to the differences between the taate ahd Bedouin tribes. First, the
town state is a commercial center attracts mixguuf@ion. Second, an increase of the
authority in the town state occurred (Lienhardt &Skahi, 2001).

The Bedouin of Najd consist of multiple tribes, nokthem can trace their
heritage back for centuries. That made a Bedoum pnaud of his lineage and looked
with disdain on non-Bedouin regardless of his datending within his own tribe. In
general, Arab can be classified in to two groupsibfal Ariba and Arab al Musta’riba.
Arab al Ariba or an “Arab of the Arabs” is a groafpall Arabs (Bedouin) whom lived in
the Arabian Peninsula before the Islam and thegroegl as pure Arabs. To the Bedouin,
all other Arabs belong to Arab al Musta’riba or &s who became Arabs” group which
is define those who became Arab after the Islamimaests of northern Arabia and
Africa. Arabs can also be classified accordinghrtliving location. Bedouin is a word
derived from another word Badia (desert). Bedosiinsed to describe people who are
nomads, live in the desert, and constantly trave their herd searching for new
pastures. Al Hadar is a word used to describe tlad\of the villages who live in

permanent homes (Casey, 2007).
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Kuwait in the 20" Century:

The twentieth century witnessed huge changes ingftuWwat impacted the social,
political, and economic structures of Kuwait. Aathime the estimation of the Kuwaiti
population was approximately around fifty thousanif®st of them left their nomadic
life and they started to settle in the city undher tule of Al-Sabah who was generally
benign. In addition to the major merchant famijliesv Kuwaiti were growing rich. The
economy in Kuwait was administrated and guided b#&bah Family which led to
better economic environment than any other plackarArabian Peninsula (Casey, 2007;
Crystal, 1992).

The life in Kuwait was simple and the common Kuveastill lived in mud
homes. Since wood and stones were incredibly exgeranly the merchants were able
to build their homes out of these materials. Dutimgsummer, the majority of Kuwaiti
population preferred to sleep on the flat rooftadit homes to avoid the nighttime heat
(Casey, 2007).

In 1906, more than 400 boats available in Kuwat #mployed more than nine
thousands men in the pearl trade. Although thelipgaseason extends for four months
(mid May to Mid September), the profit from peagiwas enough to support the
Kuwaitis until the next season. The pearl trad€umait was in steady expansion over
the following few decades. To cope with pearl tragpansion, more than fifteen
thousands of Kuwaitis were employed as crew merabérdivers (Casey, 2007).

Two major external circumstances changed the ecmnsitnation of pearl trade
for the worse: global economic crisis of the 1926d the marketing of cultured pearls.
Although the first trials for breeding cultured psavere started in the 1700s by the

Dutch, the marketing of cultured pearls was ingithin the 1920s by a Japanese
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entrepreneur who created a fast and economicdibjesft technology for making
cultured pearls. The effect of the cultured peanduwait economy was both
devastating and predictable. Generally, the napeaftls markets collapsed. As a result,
the Kuwait's pearls-based economy followed the garscheme and consequently
Kuwait became poor country depending on the GregiB more than ever (Casey,
2007).

Kuwait's economy was not in the collapse stateviry long. After few years, a
new discovery would change the economic structtikuavait. Moreover, the impact of
the discovery would extend to the political andiglostructures. In 1932, oil was
discovered by a British-American company in thefield of Burgan (Casey, 2007).

Oil Discovery & its Impact

During the 1920s, the worldwide economy was irprdssion and that has a
great impact on Kuwait's economy. Kuwait was on¢hefleaders in pearling industry
with approximately 800 boats involved in pearliogneet the world’s need of pearls.
However, Kuwait economy which was based on pearkuogced tremendously due to
the world wide economic depression. In additioth® global economic depression, the
Kuwait's economy was affected by the launching otiiured pearl industry. As a result,
the majority of Kuwaiti people were searching femnwork for sustenance, except the
rich families, who owned the boats, were able twiga the economic collapse (Casey,
2007; Crystal, 1992).

In 1932, oil was discovered in Kuwait, but commargroduction did not start
until June 1946 due to the outbreak of the SeconddWVar. In 1950, Kuwait’s
production of oil had reached 17 million metric goDuring the next decade, oil

production was over 87 million metric tons. Theanis oil production increased Kuwait’s
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income. Kuwait made huge amounts of money fronp@tiuction. The impact of the oil
production was obvious on the society (Slot, 2@¥stal, 1992).

The first impact of oil production was an increas&uwait’s population. Oil
production industries offered different kinds db$o Those jobs attracted approximately
100,000 skilled and unskilled workers. The advaesagf work in Kuwait, beside the
high salary, were free health, education, and adberices of a welfare state. As a result,
Kuwait's population doubled by the mid-1950s. Thistfcensus taken in 1957 indicated
a total population of 206,473 and the second ceimsii861gave a total population of

321,621 (Figure 8) (Slot, 2003; Crystal, 1992).

Growth of Kuwait Population
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Figure 8. Censuses of the Kuwaiti population
Not only Kuwait population structure was affectgdthe Oil discovery, the
population structure in Failaka Island was affe@savell. Prior to 1957, there was no
official census in Kuwait so that the total popidatsize of Failaka was obscure.
However, many historians and itinerants who viskadaka Island gave estimate of the
total population. In 1839, the traveler F. Jonesakd that there were 70 to 80 homes in
Failaka Island which were occupied by approximaiél9 individuals. In 1905, John

Gordon Lorimer, who was a career administratohaBritish overseas services, noticed
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that the total men in Failaka Island were 200 apipnately and the total population
could reach 500 individuals. The Kuwaiti historiddpdulaziz Al-Rushaid, stated that in
Failaka Island there were 200 hundreds homes gobxamately 1200 individuals. In
1950, another British colonial administrator knolnH. Dickson estimated the total
population to be approximately 1500. While mosth&m lived in Zor area which is
located northwest coast, the reminder lived in Alr&hiya which is located three miles
northeast Zor area. According to these populatstimates, the total inhabitants of
Failaka Island increased from 150 to 1500 withid $éars.

The first official census of Failaka Island wasl®b67 and followed by several
censuses in the following years: 1961, 1965, 12980, and 1985 which was the last

census before the Iraqgi invasion of Kuwait (Figye

Failaka Island Censuses

3500

3000

2500 B
2000 — ’_

1500

1000

2158
2636
1918
1350
2048
1919
2292
2553
2426
3406

500

N N Y O

L |
1725

éz%
643

~ '7
—
Lo

T

1957 1961 1965 1970 1975 1980 1985

Years

‘ [] Kuwaiti [ None-Kuwait

Figure 9. Censusesf Failaka Island
Figure 9 shows that the total Kuwaiti in Failakkihgl increased from 1725 to
2636 within four years (1957-1965). According t&/@ensus, there was a drop in the
total Kuwaiti population in Failaka Island to reat®18. The none-Kuwaiti population
was in steady increase since 1961. Within five yé8965-1970) a major change
occurred in the population structure of Failakansl. While the total none-Kuwaiti was

doubled from 643 to reach 1350, the total Kuwasppplation was declined from 2636 to
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1918. In the last two censuses, the total numbabpné-Kuwaiti exceeded the total
number of Kuwaiti in the Failaka Island.

The second impact of Oil discovery was the rapioa@sion of government work.
During this period, a great expansion and increasegtsification in the machinery of
government, and both legislative and executive pswéthe government continued to
be a feature of the Amir. In 1959, the Supreme Cbuvas established in Kuwait. The
Supreme Council is considered as the highest agvasal decision making body in the
country. The Supreme consisted of ten members $aerety and the president of the
departments. Decisions were made by majority V8let(2003

From 1950 to 1965, the government of Shaikh AbtullgSalim Al-Sabah
distributed the nation’s wealth among Kuwait citigeln addition, the government
increased its income from different sources sudnasstments. The social order found
in Kuwait prior to 1950 had changed after oil bod#olitically, the merchants had
become the major beneficiaries of the new governmpelicies of oil production and
wealth distribution. As a result, merchants werevn to be the strongest supporters of
the ruling family. Moreover, the new constitutiomish adopted in 1962 had as much
impact on government and society as did oil. Thadfltution gives Kuwait a democratic
rule in which “the citizens are provided with mqalitical freedom, equality and social
justice”. We can say that Kuwait transformed fromnilzal form to a complex civilization

within only a short period of time (Slot, 2003).
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Chapter Three: Material and Methods
Sample

Blood samples from 146 unrelated Kuwaiti voluntegh® participated in this
study were drawn by the Ministry of Health’s ceetif nurses into EDTA vacutainer
tubes. Surnames of volunteers were checked torgimiany potential relatives. Out of
the total number of the sample, 27 individuals wame from Failaka Island and
represent Failaka Island population. The rest efstimples were categorized into one of
three ethnicity based on their family’s place agor. Arab (n=47), Bedouin (n=26), or
Iranian (n=46). The Arab group represents indigldwhose maternal and paternal
ancestors originated from the Arabian Peninsul&. Sécond group, the Bedouins,
represents individuals whose maternal and patemzdstors originated from the Arabian
Peninsula and who are still members of the Bedtribas. The Iranian group represents
individuals whose families migrated from Iran towait before the discovery of oil and
have lived in Kuwait for several generations. Psgian from the Human Subject
Committee of Kuwait University was acquired to coatthe research. In addition,
written informed consent was obtained from eachuntaer prior to blood drawing.
Comparative Populations:

The populations used for Y-STRs comparison withkKhevaiti and Failaka Island
population consisted of 7378 individuals represenfl1 countries and three continents:
Africa, Asia, and Europe (see Table 1). For thgopse of mtDNA comparison with
Failaka Island population, 1854 individuals reprds®g 19 countries were used (see
Table 2). The mt-DNA sequence of HVS-I for eachvidlial was obtained from

GenBank www.ncbi.nih.gov/Genbankexcept the following populations: Iraqg, Syria,

Kurdistan, and European. The mtDNA sequences gEtpepulations were obtained
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from (www.gen.tcd.ie/molpopgen/resources.pfipenson et al. 2006). The following

tables represent the populations and the numbsaraples in each population.

Table 1.Y-chromosomes STR of the comparative populationkided in this study

Continent  Population NO. of Y-chromosomes STR
Samples | Source(s)
Africa Mozambique 112 Alvest al, 2003
Namibia ..
(Ovambo) 54 Fujiharaet al, 2009
Guinea 101 Arroyo-Pardet al, 2005
Asia Yemen 50
United Arab 88 | Cadenat al, 2008
Emirates
Qatar 47
. . Abu-Ameroet al, 2009
Saudi Arabia 11 Alshamaliet al., 2009
Kuwait 119 .
Failaka Island 24 This Study
Iran 325 Habeet al, 2011
Europe Austria 261 Erhaet al, 2012
Croatia 1035 Mrsiet al, 2012
Germany 996 Goedbloecktt al, 2009
Poland 887 ’
Ukraine 154 Mielnik-Sikorsket al, 2013
Total - 4449 -
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Table 2. Mitochondrial DNA HVS-I of the comparative populatis included in this study

Continent Population NO. of MtDNA sequence
Samples Source(s)
Africa Nigeria 63 Watsonet al. 1996
Kenya 78
Somalia 5 Olivieriet al. 2006
African San 17 Tishkofét al. 2007
Asia Yemen 90 Kivisilcet al. 2004
Saudi Arabia 15 Abu-Ameret al. 2007
Kuwait 94 Theyab et al., 2012
Failaka Island 27 This study
Iraq 116
Syria 69 McEvoy et al. 2004
Kurdistan 53
Iran 92 Nasidzet al2008
Europe Turkey 290
Greece 179
England 242 McEvoy et al.2004
Bulgaria 141
Romania 92
Total - 1663 -

Laboratory Methods

DNA Extraction

Two different methods were used to extract DNA fribva blood samples
collected from the Kuwaiti population: salting qubcedure (Milleret al,, 1988) and
Gentra Puregene Blood Kit (Qiagen, Valencia, CAJe Falting out procedure takes 2
days to obtain an excellent yield of DNA (50-200.uguring the first day 5 ml of a
volunteer’s blood was transferred into a 15-ml pobpylene centrifuge tube. 3ml of ice-
cold nuclear lysis buffer (10mM Tris-HCL, 400mM Na@mM NgEDTA, pH 8.2) was
added to the tube and incubated on ice for 5-1@temand re-suspended. Then, the cell
lysates were digested with 0.2 ml of 10% SDS abdl.of proteinase K solution (1 mg

proteinase K in 1% SDS and 2mM NEDTA), overnight at 37 °C. During the second
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day, 1ml of saturated NaCl (6M) was added to eabk aind mixed vigorously for 15
seconds and then centrifuged for 15 minutes at 2500 The supernatant, containing the
DNA, was transferred into a new 15-ml polypropylémee. Two volumes of ice-cold
ethanol were added to the tube and gently inves¢edral times until the DNA
precipitated. The precipitated DNA was removed withipette and transferred to a 1.5-
ml microcentrifuge tube containing a 100-200 miteolTE buffer (10mM Tris-HCL,
0.2mM NgEDTA, pH 7.5) and was left to dissolve for 2 hoat87°C.

In the second extraction method, 3 ml of a volurgéda@lood was transferred into
a 15-ml polypropylene centrifuge tube. 30-ml of RB€is solution was added to the
tube and mixed by inverting 10 times and then iated at room temperature (15-25°C)
for 5 minutes. Following the incubation, the tubasweentrifuged for 15 minutes at 2000
rpm. The supernatant, containing the white blodi$ pellets, was discarded and 200 pl
of the supernatant left in the tube which was themexed to resuspend the pellet in the
residual liquid and facilitate the cell lysis. 3aflthe cell lysis solution was added to the
tube and mixed by pipeting up and down severalditodyse the cells. If cell clumps
were visible after pipeting, the tube was incubated87°C until the solution was
homogeneous.

Once the solution homogenized, 1ml of protein giéaiion solution was added
and vortexed for 20 seconds and then centrifuge8 foinutes at 2000 rpm. Tight dark
brown pellet should be formed as the protein pitatigs. If the protein pellet was
different, the tube was incubated on ice for 5 reswand the centrifugation was
repeated. The supernatant, containing the DNA treasferred into a new 15-ml
polypropylene tube containing 3-ml isopropanol amged by inverting 50 times until

the DNA was visible as threads or a clump. The thlee was centrifuged for 3 minutes
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at 2000 rpm and that the supernatant was discaua@dhe tube drained by inverting it

on a clean piece of absorbent paper, making ceftatrthe DNA pellet remained in the
tube. 3-ml of 70% ethanol was added to the tubeimretted several times to wash the
DNA pellet and then centrifuged for 1 minute at @@Ppm. The supernatant was
discarded and the tube was drained on a clean pfedesorbent paper, taking care that
the pellet remained in the tube and air dried f&05minutes. Once the tube was dry, 300
ul of DNA hydration solution was added and vortexad5 seconds at medium speed
and incubated at 65°C for 1 hour to dissolve theADdllowed by overnight incubation.
The next day, the tube was centrifuged and the katrgnsferred to a storage tube.

Y-chromosome STRs: Amplification and Sequencing

147 male individuals were characterized for 17 Yeamosome STRs loci using
the AmpRSTR® Yfiler® PCR Amplification Kit (Applied Biosystems, Fos@ity, CA).
The amplified Y- chromosome STRs loci are: DYS1¥Y3385a/b, DYS389l/ll,
DYS390, DYS391, DYS392, DYS393, DYS438, DYS439, 183, DYS448, DYS456,
DYS458, DYS635 and Y GATA H4. The samples were dinepl using a Polymerase
Chain Reaction (PCR) method and each amplificataiction tube contained: 5.26
AmpF(STR® Yfiler® PCR Reaction Mix, 2.7hl of AmpF(STR® Yfiler® Primer Set, and
0.25ul of AmpliTaq Gold® DNA Polymerase, il of sample DNA, and 2.25 double-
distilled water. A 5ul volume of deionized water was added to a tubsead of DNA,
and saved as a negative control. All@olume of AmpRSTR® Control DNA 007 was
added as a positive control. Amplification reactiovere run on an Applied Biosystems
GeneAmp® PCR System 9700 (Applied Biosystems, Fd&stg, CA). The amplification

reaction was adjusted to the following thermal peofnitial incubation at 94°C for 11
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minutes (hold); 94°C for 1 minute (30 cycles); 6 &Bnealing temperature) for 1 minute
(30 cycles); 72°C for 1 minute (30 cycles); finatension at 60°C for 60 minutes; and
then on hold at 4°C.

After the samples were amplified, they were quadifor DNA concentration
using a NanoDrop ND-1000 spectrophotometer. Themaster mix was created by
mixing the followingcomponents and their appropriate volume per sarfigd of
GeneScan 500 LIZ®° Size Standard and 10 of Hi-Di" Formamide. A 10.8l volume
of the master mix was pipetted into each well ef@6-well reaction plate. Al volume
of the amplified DNA samples was pipetted into aegsponding well of the 96-well
reaction plate. A 1l volume of the reagent blank, negative control, pRtSTR®
Control DNA 007 from the amplification, and alleladder were pipetted into
corresponding wells of the 96-well reaction pld@pl of Hi-Di" Formamide was added
to each blank well. The plate was heated at 95/@+® minutes and then placed in ice-
water for 5 minutes. Finally,the plate was plag#d the Applied Biosystems 3130xI
Genetic Analyzer. The data files were analyzedgu&eneMapper® ID v3.2 software

(Applied Biosystems, Foster City, CA).

Mitochondrial DNA: Amplification and Sequencing

Since the HVS-I region of the mtDNA of the Kuwathpulation was previously
studied by the author of this dissertation (Theggaél, 2012), only the samples from
Failaka Island population were amplified and segedrfor HVS-I region. The HVS-I
(1600-16400 nt) region of the mtDNA control regwas amplified and then sequenced
on an ABI 3730 automated capillary sequencer (AgpBiosystems, Foster City, CA)

using Applied Biosystems v3.1 big dye kit and fallog the manufacturer's protocol.
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The samples were amplified using a Polymerase (Reattion (PCR) method
which amplifies a short segment of DNA in a relatwshort period of time. Each
amplification reaction tube contained: 2I5of 10X PCR Buffer (Promega), 4,Q of
MgCl, (25mM), 0.5uL of dNTP nucleotide mix, 0.gL of Tag polymerase (Promega),
7.8 uL of ddH,O, 2.5uL of forward primer (10 pmole@L), 2.5uL of reverse primer (10
pmolefiL), and 1 to 3iL of sample DNA (if greater quantities of DNA wased, the
ddH,O was adjusted accordingly). Table 3 provides mfation regarding the primers

sequence used in the mtDNA analysis, mitochontirction, and product size.

Table 3. List of mt-DNA primer, Annealing temperature, aR@R product fragment size.

MtDNA region Primers Annealing *T (°C)  Product Size (bp)
HVS-I targeted F15971: 5-TTAACTCCACCATTAGCACC-3' 56 443
nucleotides R16410: 5-GAGGATGGTGGTCAAGGGAC-3’

The PCR reactions were run on an Applied Biosyst@erseAmp® PCR System
9700. The amplification reaction was adjusted ®ftilowing thermal profile: 94°C for
1 minute (1 cycle); 94°C for 50 seconds (40 cy¢léSyC (annealing temperature) for 1
minute (40 cycles); 72°C for 1 minute (40 cycle®);C for 5 minutes (1 cycle); and then
on hold at 4°C. The amplification reactions wereakted for PCR products on a 1.5%
agarose amplification gel using electrophoresBbatolts for approximately one hour.
The gels were prepared by mixing 150 mL of 1X TBEY-borate-EDTA) and 2.25 g of
Nusieve agarose (FMC BioProducts, USA) in a flasid heating to boiling temperature.
Once the Nusieve agarose powder dissolved complé¢el flask was allowed to cool
down to 45°C and the gel was stained with ethiduromide.

A total of 5uL of the PCR product andji of loading dye (Promega, Madison,
USA) were mixed and added to each well. The firsli wontained a 50 bp ladder

(Invitrogen, UK) to size the PCR products againgtile the second well contained a
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negative control (containing PCR mix but with no ANThe remaining wells contained
the amplified DNA. After an hour, the PCR produetse visualized under ultraviolet
light.

Once the presence of the DNA fragment was detettied)NA purification was
completed using AMPure magnetic bead purificatidgegncourt Bioscience Corp.,

USA) on a Biomek NX robot (Beckman Coulter, USAmAlification products were
then sequenced in both directions at the DNA Laioyaof Arizona State University by
Dr. Scott Bingham. Each sequencing reaction coath8ul of a PCR product, ful of
primer, 6ul of water, and 4ul of dye (v3.1 )/Tag enzyme mixture.

This PCR reaction was run on the ABI 3730 automadgillary sequencer
according to the following thermal profile: 94°Qr fb minute (1 cycle) followed by 40
cycles of 94°C for 10 seconds, 50°C for 15 secoadd,60°C for 2.5 minutes. Sequences
were purified using CleanSeq magnetic bead putifing Agencourt Bioscience
Corporation) on a Biomek NX robot (Beckman Coulteryjemove unused primers and
dyes. At the end of the sequencing cycles, chrognato data were recorded on a
computer and used for mt-DNA analysis. Chromatogdata which contain mt-DNA
sequence were edited and aligned using the follpivaeware; BioEdit and MEGA 4.

All the mt-DNA sequences were aligned against éwesed human Cambridge Reference

Sequence (rCRS) (Anderson et al. 1981; Andrewk €089).
Statistical Analyses:

For Y-chromosome analyses, DYS385a and DY S385bosatellites were
excluded since it is difficult to assign each @l one locus. The repeats of DYS389I
were subtracted to the DYS389Il because the fragsiea of DYS389Il contains those

of DYS389lI.
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Haplotype or gene diversity, nucleotide diversagd neutrality test analyses
were performed using a computer software packalgdcarlequin, version
3.11(Excoffier et al. 2005). Haplotype diversitygiN1978) was calculated for mtDNA
HVS-I and Y-chromosome STRs data. This measurarallgl to the expected
heterozygosity for diploid data and it measurespitedability that two haplotypes
selected at random from the population are differdaplotype diversity is calculated by

using the following equation:

(2w o

wheren represents the sample sikés the number of haplotypes, apds the frequency
of theith haplotype. This measure is relatively stable @ntsidered less responsive to
genetic drift and recent demographic events (Helgasal, 2003). Nucleotide diversity

for the mtDNA sequence data (Nei and Li 1979) walsudated as:

7= i X% ¢ ()
whereq is the total number of alleles,is tr”1e frequency of thieth allele in the
population, and; is the number of nucleotide differences betweeglesl andj.
Haplotype and nucleotide diversity tests are twmmmn measures of genetic diversity.

Measurements of selective neutrality, Fu’'s Fs aajhia’s D, were calculated

using Arlequin version 3.11 (Fu, 1997; Tajima, 1p9hese measures are used to
determine whether the DNA sequences are statistsiginificant under the neutral
equilibrium model. The neutral evolution model &sbd on the standard Wright-Fisher
evolutionary model which has the following assumpsi 1) large constant diploid
population size; 2) random mating; 3) discrete mow-overlapping generations: 4) no

recombination; and 5) infinite sites with constamitation rate (Simonsesat al, 1995).
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Fu’'s Fs and Tajima’® tests are used to differentiate between popularowth versus
constant population size. Tajimds(Tajima, 1989) is based on the infinite-site model
without recombination and is appropriate for usthwhort DNA sequences. It is defined
as:

ezz — 95

JVar(6, -6,) 3

wheref=2Neu (for haploid data), wherdeis the effective population size ands the

D=

mutation ratef, represents the mean number of pairwise differebetgeen sequences
(m); and6s is based on the number of observed polymorphes sit population growth
accumulates an excess of low-frequency mutatidwas would lead to larger value @f
compared t®, which would result in negativié value. The negative values are an
indication of population expansion. On the contrggsitiveD values are an indication
of population undergone genetic bottlenecks (AniesBu & Excoffier, 1996).

Fu’'s Fs is another neutrality test statistic theddad on the infinite-site model
without recombination. This test emplaggormation from the haplotypes distribution

and is defined by the following equation:

S
Fs =In (Ej (4)

where Sis the probability of observing a random neuteahple withk as the number of
alleles equal to or smaller than the observed vgiven6,. Fu'sFsis more sensitive than
Tajima’sD, and may produce large negative values as anatoiicof large population
expansion. Positive values may be indicative oegerdrift (Fu, 1997).

Mismatch distributions is another molecular divsrsinalysis that was used to

investigate the demographic history of the popafeti Population expansion can be
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detected in genetic data by identifying specifgnaitures in the distribution of pairwise
sequence differences. While a unimodal distributepresents a recent population
expansion, a multimodal distribution is an indioatbf maintained constant population
size over time (Rogers & Harpending, 1992). A ralygess indexr] is used to evaluate
these distributions. While lower index values asaally associated with unimodal
distribution, higher values are usually associatéd constant population (Harpendiey

al., 1993). This index is defined by the followinguatjon:

d+1

r= Z(Xi —%,)° ()

i=1
whered is the maximum differences between haplotypes xasdhe relative frequency
of the mismatch. Mismatch analysis anddex were calculated for mtDNA sequences
data based on pairwise distances using Arlequib. 3.1

Analysis of molecular variance (AMOVA) was conduttesing Arlequin 3.11 to
examine the genetic structure of populations. Baseaholecular data, AMOVA
estimates population subdivision through analyziagation between both Y-
chromosome STRs and mt-DNA sequences. In addAMOVA estimates the
percentage of genetic variation found within anebagpopulations (Excoffiest al,
1992).

The biological relationships among different popiolas were represented in a
Neighbor-Joining tree (NJ) and Multi-Dimensionakfieg plot (MDS). The Neighbor-
Joining tree method searches for the best treedfsatribes the evolutionary relationship
among populations. This tree has the minimal totahch lengths (Saitou & Nei, 1987).

The smallest sum of branch lengths was calculayatidfollowing equation:
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x 1 T
%:;Lm:mgqj:m (6)
wheremthe number of neighborkix represents the branch length estimate between
nodes andX, andT represents the sum of distance estimdfé€gNei & Kumar, 2000).
The NJ tree was constructed in NTSYS 2.1 computegram (Rohlf, 2008). The MDS
plot is based ondr pairwise differences between populations. Fotaromosome
STRs data, Slatkin’s linearizétst distances which is based on the stepwise mutation
model for microsatellites were calculated usingedtlin (Slatkin, 1995). For mtDNA
sequences, Tamura & Nei’'s (1993) distances werrlleabd since the measures take into
account the differences in transversion and tremsrates, in addition to transition rates
between purines or pyrimidineBhe distance measure also assumes equality ofitstibst
rates among sitgExcoffier & Schneider, 2005). Thefdistance matrix is used as a
measure of genetic distance among populationstamalues can range from 0 to 1.
Values from 0 to 0.05 represent little geneticeténtiation among populations, values
from 0.05 to 0.15 indicate moderate genetic diffiegion, values from 0.15 to 0.25
reflect high differentiation, and values above QOritficate great differentiation. The
Kuwaiti and Failaka Island populations were comgaceneighboring and worldwide
populations to draw insight regarding the geneatlationship of Kuwaiti and Failaka
Island populations to other populations. The gosdrt fit is presented in the stress
value; the higher stress value, the lower accuoheglationship among populations. The
MDS plot was constructed in NTSYS 2.1 computer prog(Rohlf, 2008).

A median-joining network (MJ) was computed for Jhaplogroup for the
Kuwaiti and Failaka Island populations. Using aisteal program NETWORK 4.611

(Fluxus Technology Ltd) following Bandedt al, (1999). MJ network shows the
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relationships between haplotypes by proposingyikelcestral haplotypes. Since each
locus has different rate of evolution, each locas weighted according to Kiet al,
(2010). For MJ analysis, the DYS389I and Il locirevemitted because these loci are
interdependent and represent four independentlptngtDNA segments. Since it is
difficult to assign one allele to each locus, tiledal DYS385a/b was excluded from this
analysis.

To determine the relative amount of gene flow aedeagic drift of Kuwait and
Failaka Island populations, the heterozygosityamfhesubpopulation was plotted against
the distance from the gene frequency centngid YWhere heterozygosity is the usual
expected heterozygosity under Hardy-Weinberg, badlistance from the centroid

for a population is:

_ (pi _ IS)Z
"= BF) (7)

wherer; is the distance from the centroid for a particaléele in thel population,

p; is the frequency of the allele in thpopulation, andP is the mean frequency of the
allele for all populations. According to Harpendiangd Ward (1982), populations with
more than average gene flow will fall above theesgion line, while populations that

are genetically isolated will fall below the regsim line. Finally, Mantel test was used

to test for the significance of the correlationvibetn two matrices (Mantel, 1967).

Mantel test, with 10,000 random permutations, wseduto assess the correlations among
mtDNA HVS-I, Y-STR, and geography distance matrifisKuwait, Failaka Island,

Saudi Arabia, and Iran. The Mantel tests were peréal using the program Mantel ver.
3.1 (Relethford). While the genetic distance masiwere obtained from Arlequin 3.11,

the geographic distance matrices computed in GE@G2/1 (Relethford, 2000).
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Chapter Four: Results

Y-chromosome DNA
Y-chromosome STRs Haplotype and Population Diveesit

The Y-chromosome haplotypes for Kuwait and Failskand are presented in
Table 4 and 5, respectively. All the samples wegped for the following seventeen loci:
DYS456, DYS389l, DYS390, DYS389Il, DYS458, DYS19y8385a/b, DYS393,
DYS391, DYS439, DYS635, DYS392, GATA_H4, DYS437, 438, and DYS448. A
total of 119 haplotypes were identified in the Kuitwsamples; 107 were unique (90%)
and 12 (10%) were observed more than once. Inkaaldand’s sample a total of 24
haplotypes were identified; 22 were unique (92%) 2ar§{8%) were observed more than
once. Shared haplotypes has not been found betfuagait and Failaka Island samples.
However, the sample of Kuwait and Failaka Islanareti haplotypes with neighboring
populations. Figure 10 shows the frequency of shheplotypes of Kuwait and Failaka

Island with neighboring populations.

Table 4Y-chromosome haplotypes in Kuwait

Y-STR Haplotyp@ Frequency

14,12,24,29,17,16,20/21,12,9,11,20,11,12,14,9,19 3
16,14,21,31,17,16,17/18,15,10,12,21,11,11,14,11,20
15,14,23,30,18.2,14,11/18,12,10,13,20,11,11,14910,1
14,13,23,30,17.2,14,13/21,12,11,11,21,11,11,14010,2
14,14,23,32,18.2,14,14/19,12,11,11,21,11,11,14010,2
14,13,23,30,19.2,14,13/17,12,10,11,21,11,11,14010,2
14,13,23,30,18.2,14,13/19,12,11,12,21,11,11,14010,2
14,13,23,30,19.2,14,13/19,12,11,12,21,11,11,14010,2
14,13,23,29,18.2,14,13/18,12,11,11,21,11,11,14010,2
14,13,23,29,20.2,14,13/18,12,11,11,20,11,11,14010,2
14,13,23,29,19.2,14,13/18,12,11,11,22,11,11,14010,2
15,13,23,29,16,14,12/14,11,11,12,23,14,13,15,12,19
16,14,23,31,17,14,13/?,13,10,11,24,10,12,16,9,20
14,14,23,31,18.2,14,13.2/19,12,11,11,21.2,10.241012,20
15,14,22,30,20.2,14,12/18,12,10,13,22,11,11,14110,2
15,13,23,30,18.2,14,13/18,12,11,11,21,11,11,14010,2
14,13,23,30,19.2,14,13/18,12,11,11,21,11,11,14110,2

NN R

=

=

=

=
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15,13,23,30,18.2,14,13/18,12,11,11,21,11,11,14010,2

15,13,23,30,18.2,14,13/19,12,10,11,21,11,11,14010,2

13,13,23,31,18,16,11,7/13,10,11,?,11,11,14,10,21

14,13,23,30,19.2,14,13/19,12,10,11,22,11,11,14010,2

15,13,24,29,14,15,13/16,13,10,12,22,11,12,15,9,21

15,13,26,29,15,16,11/14,13,11,10,23,11,12,15,11,20

15,14,23,29,15,15,13/15,13,10,12,21,11,12,15,9,22

14,13,23,31,18.2,14,13/19,12,10,11,20,11,11,14010,2

15,14,23,32,15,13,18/22,13,11,11,21,11,13,14,10,19

16,9,23,25,15,14,14/15,14,11,11,20,12,11,16,10,21

14,13,23,30,18.2,14,13/19,12,11,11,22,11,11,14010,2

14,13,23,30,18.2,14,13/19,12,11,11,21,11,11,14010,2

15,12,23,30,16,14,14/16,13,10,13,21,13,11,16,10,21

15,13,23,29,16,14,16/?,12,9,12,23,11,12,15,10,22

14,13,23,30,18.2,14,12/20,12,11,12,21,11,11,14010,2

14,13,23,30,19.2,14,12/18,12,11,12,21,11,11,14010,2

15,14,25,32,15,16,11/?,13,10,10,23,11,11,14,11,20

13,12,24,30,16,15,17/18,12,11,12,21,11,11,14,9,19

14,13,23,30,21.2,14,13/19,12,10,11,22,11,11,14010,2

16,13,23,29,17,14,13/16,13,10,11,22,13,11,14,9,19

15,13,22,29,18,13,14/16,13,10,12,22,15,10,14,11,19

15,13,23,29,17.2,16,13/19,12,10,11,21,11,11,14010,2

17,12,23,29,16,15,14/16,14,10,11,21,12,13,16,10,22

15,14,23,30,17,13,14/18,14,10,11,23,15,12,14,11,20

16,13,23,31,15,14,15/?,13,9,11,21,10,12,15,9,20

14,13,23,30,18.2,14,13/17,13,11,11,22,11,11,14010,2

14,13,23,30,18.2,14,12/18,12,10,11,20,11,11,14010,2

14,13,23,30,18.2,14,14/19,12,11,11,21,11,11,14010,2

15,13,22,29,16,14,13/16,12,9,11,23,11,11,15,9,21

13,14,23,32,17,15,11/?,13,10,12,17,11,13,14,11,23

15,14,23,31,17,14,14/16,13,10,11,21,13,11,14,9,19

15,13,23,31,19.2,15,13/19,12,11,11,21,11,11,14010,2

15,13,23,32,17.2,15,13/17,12,10,11,20,11,11,14010,2

14,13,23,31,18.2,14,13/17,13,11,11,22,11,11,14010,2

14,13,23,29,17.2,14,14/19,12,10,11,23,11,11,14010,2

14,13,23,30,18.2,14,12/19,12,11,12,21,11,11,14010,2

15,14,24,32,18,13,17/18,15,10,12,21,11,13,14,10,20

16,14,23,32,17,14,13/?,13,10,11,25,10,12,16,9,20

14,13,23,30,20.2,14,14/20,12,10,11,21,11,11,14010,2

15,14,23,29,18,14,13/19,14,10,11,27,10,11,14,11,19

16,12,22,28,14,15,14/16,11,10,12,25,14,12,15,10,19

15,14,25,30,17,16,13/14,14,10,12,23,13,13,14,12,19

14,13,23,29,19.2,14,13/19,12,11,11,21,11,11,14010,2

17,13,24,31,18,14,16/18,13,10,12,21,11,11,14,10,20

16,14,23,31,18,14,13/?,13,11,13,23,13,12,14,11,19

16,14,22,31,18,15,7/16,12,10,13,23,14,11,16,10,19

15,12,25,30,17,15,16/19,13,11,12,21,11,12,14,10,21

15,13,24,29,16,14,13/19,13,10,11,25,10,11,16,11,20

14,12,22,29,15,15,14/15,14,10,12,20,11,12,15,10,21

16,13,23,29,15,14,13/19,12,10,12,21,11,11,15,10,20

16,13,25,29,15,16,11/12,13,11,10,23,11,12,14,11,20

15,14,23,31,17,15,11/20,14,10,11,25,10,13,16,12,19

16,13,24,30,15,13,16/18,14,10,12,21,11,12,14,10,21

15,13,25,29,16,17,11/14,13,11,10,23,11,12,14,11,20

RlR|R|R|RRrR R R PR RRRRRRRN R R R RR|R|R|R|R|IN P R R R P P R RN RRR RO R R R R|R|R|R| R, k|~
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15,13,23,30,17,15,12/?,12,11,12,23,13,12,15,11,19

15,12,23,28,17,14,13/20,12,10,11,20,14,12,14,11,20

15,13,23,31,16,14,11/15,13,10,10,23,11,13,14,11,20

15,13,23,30,17,14,14/?,14,11,12,21,11,10,15,10,21

16,14,25,31,16,16,11/15,13,10,10,23,11,12,14,11,20

15,13,25,30,14,17,12/15,13,11,10,23,11,12,14,11,20

16,13,24,30,17,14,17/19,13,10,13,20,11,13,14,10,20

15,13,26,29,15,15,11/14,13,11,10,23,11,12,15,11,20

16,13,24,29,15,14,11/14,12,10,13,23,13,11,15,12,19

15,13,23,30,16,16,12/?,13,11,12,23,13,12,15,11,19

16,13,22,29,19,15,10/16,13,9,11,21,14,11,16,10,19

17,14,23,30,17,14,13/15,12,10,10,21,11,9,15,9,20

17,12,24,29,15,16,12/15,13,10,10,23,11,12,14,11,20

16,13,22,30,18,15,10/16,13,9,11,21,14,11,16,10,19

15,13,23,30,16,14,15/16,13,10,11,20,13,11,14,9,19

16,14,23,30,19,15,14/18,13,11,11,22,13,11,14,9,19

16,14,26,31,15,15,11/14,13,11,10,23,11,12,14,11,20

16,14,21,30,15,16,16/18,14,10,12,21,11,11,14,11,21

14,13,23,30,19.2,14,14/18,12,10,11,21,11,11,14010,2

16,13,23,30,15,14,16/18,13,10,12,20,11,13,14,10,20

17,13,24,30,16,13,16/18,14,10,13,21,11,11,14,10,20

15,14,23,29,16,13,16/17,15,10,9,21,13,11,14,8,19

15,14,23,30,16,14,14/20,12,10,12,21,11,11,14,9,21

15,14,23,29,17,14,13/20,13,10,11,27,10,11,14,11,19

15,14,23,29,17,14,13/20,14,10,11,27,10,11,14,11,19

14,13,23,30,18.2,14,13/17,12,11,11,22,11,11,14910,1

16,13,23,30,16,14,13/19,12,10,12,22,12,13,15,9,22

15,13,23,31,15,14,15/20,13,9,12,21,10,11,15,9,20

16,13,22,30,18,15,16/?,13,10,12,21,11,11,14,10,20

15,13,23,29,20,15,14/16,13,10,12,22,17,11,14,11,21

15,13,23,29,17.2,14,13/18,13,10,11,21,11,11,14010,2

15,12,22,28,15,14,13/16,11,10,13,23,14,12,15,10,19

14,13,24,30,16,16,13/17,13,10,11,21,11,12,14,1D,19.

14,13,25,31,15,17,11/14,13,11,10,23,11,13,14,11,20

RlR|RR|RRPR R R RPR R R RRRRRRRIRIRIRIRR|R|IR|R R PR PP R R PR

18,13,25,31,15,15,12/15,13,10,11,23,11,14,14,11,20

14,13,23,29,20.2,14,12/19,12,11,11,21,11,11,14010,2

=

Total 119

®Haplotypes based on alleles for the following Y-S68: DYS456, DYS389I1, DYS390,
DYS389Il, DYS458, DYS19, DYS385a/b, DYS393, DYS381,S439, DYS635, DYS392,
GATA_H4, DYS437, DYS438, DYS448.
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Table 5.Y-chromosome haplotypes in Failaka Island

Y-STR Haplotyp@ Frequency
13-13-23-30-16-14-13/17-12-10-11-21-11-10-16-9-20 1
14-13-23-29-16-14-12/16-13-10-11-23-11-11-15-9-21
15-13-24-30-15-13-16/?7-14-11-12-21-11-12-14-10-20
14-13-23-29-15-15-14/15-12-10-12-21-11-12-15-9-21
15-12-22-28-17-15-13/14-15-10-11-21-11-11-16-10-20
18-13-25-31-15-16-11/14-13-11-10-23-11-13-15-11-20
15-14-24-31-18-13-16/17-12-10-12-23-11-11-14-10-20
14-14-24-31-19.2-14-13/18-12-11-11-21-11-11-14-00-2
15-14-25-31-15-14-16/18-13-9-12-22-11-12-14-10-20
15-12-22-28-20-15-12/15-13-10-11-21-11-11-16-10-21
15-13-23-29-17.2-14-13/19-12-10-11-21-11-11-14-00-2
15-13-23-30-17.2-14-13/20-12-10-11-20-11-11-14-00-2
?-12-24-28-20-13-12/16 12-10-11-20-11-11-15-9-19
15-12-21-29-18-15-13/?-16-10-11-21-11-11-16-10-24
15-13-24-32-18-13-14/15-14-10-10-21-11-12-14-10-20
15-13-24-29-15-15-13/19-12-10-13-21-11-11-15-9-20
16-13-21-29-16-14-13/16-12-10-11-24-14-12-15-11-19
15-14-24-30-15-14-11/12-12-10-12-24-13-12-15-12-19
15-11-22-27-14-14-17/18-13-10-13-20-11-13-14-10-20
15-13-23-30-17.2-14-13/19-12-10-11-20-11-11-14-00-2
15-12-24-28-15-15-13/16-15-10-11-23-14-12-14-11-18
15-13-23-31-17.2-14-14/19-12-11-11-20-11-11-14-00-2
Total 24
®Haplotypes based on alleles for the following Y-S0B: DYS456, DYS389I, DYS390,
DYS389Il, DYS458, DYS19, DYS385a/b, DYS393, DYS381,S439, DYS635, DYS392,
GATA_H4, DYS437, DYS438, DYS448.

R EEN R R R E N

154

10+

UAE Yemen Iran KSA Qatar

| B Kuw ait B Failaka |
Figure 10.Percent of shared 15 loci Y-STR haplotypes betwaemait and Failaka Island

63



Twenty percent of the Kuwaiti haplotypes are shaved Saudi Arabia, 17.5%
are shared with United Arab Emirates, 12.6% areeshaith Qatar, and 11.8% are
shared with both Yemen and Iran. These shared typel® reflect the history of Kuwait.
On the other hand, 8.3% percent of Failaka Islaypdiypes are shared with Saudi
Arabia, United Arab Emirates, Yemen, and Iran. GhBb6 are shared with Qatar.
According to the plot, there is a chance of biathenshared haplotypes of Failaka due to
the small sample size.

Table 6 shows the mean number of pairwise diffeesr{fPD) and the mean
number of gene diversity for Kuwait, Failaka Islaadd neighboring populations. The
MPD values are ranged frobb21for Qatar t010.911 for IranThe mean number of
pairwise differences for Kuwait and Failaka Islané.951 and 8.775, respectively. While
Iran has the highest mean number of gene divei@i§0356), Qatar shows the lowest
(0.37274) Both Kuwait and Failaka Island shared similar meamber of gene diversity
(0.62578) and (0.64495), respectively.

Allele frequencies and estimated values of generdity for each locus of thel7
Y-STR loci for Kuwait and Failaka Island populatsoare presented in table 7 and 8,
respectively. Genetic diversity was greatest fer@y S385 locus in both populations,
which is probably due to the duplicated naturenef@Y S385 locus which includes two
sub-loci DYS385a and DYS385b so that the genetierdity values equivalent to two Y-
STR loci. Figure 11 presents visual comparisornefftequency of genetic diversity for

both Kuwait and Failaka Island populations.
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Table 6. The mean number of pairwise differences and gerergity

Population

MPD

Gene diversity

Kuwait

8.951850 (+/- 4.153213)

0.62578

Failaka Island

8.775362 (+/- 4.195306)

0.64495

Saudi Arabia

5.276717 (+I- 2.563487)

0.47404

Iran

10.911554 (+/- 4.974798)

0.69356

Yemen

5.942041 (+/- 2.883168)

0.39659

Qatar

5.521739 (+/- 2.702610)

0.37274

United Arab Emirates

7.121204 (+/- 3.373326)

0.46178

Table 7. Allele frequencies and estimated values of gewmerdity (GD) of 17 Y-STR in the Kuwaiti population

DYS456| DYS389I] DYS390) DYS389I] DYS458 DYS1p DYS393 DYS391 DYS4B9 DYSG35 DYSBIRATA H4 | DYS437 | DYS438| DYS448 Allelic Class| DYS38 Allelic Clas: DYSSJS
8 0.008 7,16 0.008 17,18 0.024
9 0.008 0.076 0.008 0.008 0.151] 10,16 0.01 17,19 0.0¢8
10 0.513 0.118 0.076 0.017 0.559 11,12 0.048 18,22 0.0p8
10.2 0.008 0.008 11,14 0.059) 20,21 0.00:
11 0.034 0.403 0.521 0.706 0.613 0.23 11,15 0.017
12 0.101 0.454 0.008 0.277 0.025 0.235 0.04 11,18 0.098
13 0.025 0.647 0.059 0.387 0.076 0.092] 0.118 11,20 0.008
14 0.353 0.244 0.025 0.591 0.107 0.067 0.008 0.748 12,14 0.011
15 0.378 0.176 0.185 0.025 0.017 0.168 12,15 0.025]
16 0.193 0.151 0.134 0.084 12,18 0.025
17 0.042 0.168 0.025 0.008 0.008 12,19 0.025
17.2 0.042 12,20 0.008
18 0.008 0.084 13,14 0.008
18.2 0.210 13,15 0.017
19 0.017 0.244 13,16 0.034
19.2 0.076 0.008 13,17 0.059
20 0.008 0.118 0.588 13,18 0.059
20.2 0.034 13,19 0.168
21 0.017 0.445 0.118 13,20 0.025
21.2 0.008 0.008 13,21 0.008
22 0.084 0.118 0.034 13.2,19 0.008
23 0.664 0.227 0.008 14,15 0.017
24 0.126 0.008 14,16 0.050
25 0.084 0.008 0.034 14,18 0.025
26 0.025 14,19 0.025
27 0.025 14,20 0.017
28 0.025 15,16 0.008
29 0.303 15,20 0.008
30 0.429 16,17 0.008
31 0.160 16,18 0.042
32 0.076 16,19 0.008
GD 0.699 0.511 0.533 0.699 0.783 _ 0.493 0.538 0[574 .637 .717 .4770 0.55¢ 0.40p 0.6 0.5¢7 0.957
NA 6 4 6 | 6 12 5 5 4 5 9 8 6 3 6 35
GD: gene diversity; NA: allele number.
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Table 8. Allele frequencies and estimated values of gewerdity (GD) of 17 Y-STR in Failaka Island

DYS456| DYS3891] DYS390 DYS389I] DYS45 DYS1p DYS393 DYS391 YB439| DYS635| DYS393 GATA _H4 DYS43 DYS43I3 DYS448  Alleliddss | DYS385]

9 0.042 0.292 11,14 0.042

10 0.792 0.083 0.042 0.542] 11,12 0.04]

11 0.042 0.167 0.583 0.875 0.542 0.129 12,15 0.04p

12 0.250 0.583 0.250 0.333 0.042] 12,16 0.12

13 0.042 0.542 0.208 0.208 0.083 0.042) 0.083 13,16 0.083

14 0.167 0.167 0.042 0.45 0.08: 0.083 0.458 13,17 0.042

15 0.625 0.333 0.292 0.083 0.375 13,14 0.042

16 0.042 0.125 0.042 0.042 0.167 13,18 0.042

17 0.042 13,19 0.125

17.2 0.167 13,20 0.042

18 0.042 0.125 0.042 14,15 0.083

19 0.167 14,19 0.042

19.2 0.042 16,17 0.042

20 0.125 0.250 0.583 16,18 0.042

21 0.083 0.417 0.167 17,18 0.042

22 0.125 0.083

23 0.333 0.167

24 0.375 0.083 0.042

25 0.083

27 0.042

28 0.208

29 0.292

30 0.208

31 0.208

32 0.042

GD 0.519 0.641 0.750 0.815 0.784 0.648 0.637 0.3%9 0.609 0.754 .2360 0.612 0.649 0.630 0.627 0.97

NA 5 4 5 6 8 4 5 3 4 5 3 4 3 4 5 15

GD: gene diversity; NA: allele number.
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Figure 11. Gene diversity of the 16 loci for Kuwait and B&ih Island populations

For the Kuwaiti population, the lowest value of @@s observed for DYS437
(0.409), while the highest one (0.957) is presebie®YS385. The lowest genetic
diversity value for Failaka Island population foundDYS392 (0.236), and the highest

one (0.976) is presented by DYS385.
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Y-chromosome Haplogroup Frequencies

A summary of the results of Y-STR haplotypes, Ylbgmup predictions, and
their probabilities for the Kuwaiti and Failakadsd populations are shown in Table 9
and 10, respectively. Eight samples out of thd it Kuwaiti samples were not
assigned to a specific haplogroup. The remindeewassigned to one of the following
haplogroups with probability rate exceed 80%: Jla,RR1b, E1blb, Elbla, T, L, Q, H,
G2a, J2b, J2alb, J2alh, and J2alxJ2. The most cofmapéogroups in Kuwait are J1
(37%), Rl1la (11%), and E1blb (7%). The Y-chromosbamogroup frequencies of the
Kuwaliti population are presented as pie chartsguré 12.

Twenty-two individuals were assigned to one offtiiwing haplogroups with
80% probability rate: E1blb, J2b, J1G2a, and JZ31}2b, R1b, R1a, L, and Q. Only 2
samples were not assigned to a specific haplogibhgre is a good Y-haplogroups
variation in Failaka for such a small sample numibee most common haplogroups in
Failaka are J1 (20%), and E1b1b (17%). Each ofdlh@wving haplogroups contributes
by 13% of Failaka Island population gene pool: Gi2&, and J2alxJ2. The Y-
chromosome haplogroup frequencies of Failaka Istanpilation are presented as a pie

chart in Figure 13.
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Table 9.Y-STR haplotypes, predicted haplogroups, and pntibabf haplogroup assignment (x 100) for the
Kuwaiti population. A "batch" version of Whit Athesyhaplogroup Predictor was used to obtain the
haplogroups and their assigned probabilities (ftw.hprg.com/hapests/index.html) (Athey, 2006)(-A
indicates missing data.

(|00 ©C ||l 0O |(TCQ|]O0C|(TC|]T| T O |®(9)| T O © I o
<< [=<|<| <[ < |<|<|<I<|<[|=<|[ZPI<]=<]|=x sn 3
NI Nl uo 1 nl un | unun nlun|] n 0 |4/l n wn 2 o
R IO R w| R |P| R [([w|w|w|RKR|[d|w®|>»|K| K| o )
|| lo|lo| o |o| ® |[@|lo|lo|w| ®|© |~ ||l w]| & Q o
o|o|o|lo| ® g |g|lw|r|lo| o | S ||| o | 3 =
= o | o = e 3
15| 14| 23| 30[ 184 14 1 18 12 10 13 40 11 |11 |14 109 |1 J1 99.3
14 | 13| 23| 30| 17.4 14 13 20 12 j1 1 71 11 11 |14 100 |2 100
14| 14| 23| 32| 1834 14 14 19 12 11 11 41 11 |11 (14 100 |2 99.9
14 | 13| 23] 30| 19.94 14 13 7 12 10 11 21 11 11 |14 100 |2 99.8
14| 13| 23] 30| 18.4 14 13 p 12 11 12 21 11 11 |14 100 |2 100
14| 13| 23| 29| 1894 14 13 18 12 11 11 41 11 |11 |14 J100 |2 99.9
14| 14| 23] 31] 184 14 13p 19 12 11 p1 212 0.2 [13 | 10.2 20 100
15| 14| 22| 30 204 14 120 18 12 10 13 32 11 11 |14 J101 |2 99.6
15| 13| 23] 30| 18.4 14 13 8 12 11 11 21 11 11 |14 100 |2 99.3
15| 13| 23| 30[ 184 14 13 19 12 10 11 241 11 |11 |14 J100 |2 99.9
14| 13| 23] 31] 18.4 14 13 1P 12 10 11 20 11 11 |14 100 |2 100
14| 13| 23| 30[ 1894 14 13 19 12 11 11 32 11 |11 (14 100 |2 99.9
14 | 13| 23| 30| 18.4 14 13 1P 12 11 11 21 11 11 |14 100 |2 100
14| 13| 23| 30[ 184 14 120 20 12 11 12 31 11 |11 (14 100 |2 100
14 | 13| 23| 30| 19.94 14 12 18 12 11 12 21 11 11 |14 100 |2 99.9
14| 13| 23] 30| 18.4 14 13 p 12 11 11 21 11 11 |14 100 |2 100
14| 13| 23| 30[ 199 14 13 18 12 11 11 41 11 J11 |14 J101 |2 99.9
14| 13| 23] 30| 21.4 14 13 1P 12 10 11 32 11 11 |14 100 |2 100
15| 13] 23| 29] 173 1 13 19 12 10 11 241 11 |11 |14 J100 |2 99.8
14| 13| 23] 30| 18.4 14 13 7 13 11 11 21 11 11 |14 100 |2 98.2
14| 13| 23| 30[ 1894 14 120 18 12 10 11 40 11 |11 |14 J100 |2 100
14| 13| 23] 29| 20.4 14 13 18 12 11 11 240 11 11 |14 100 |2 100
14| 13| 23| 30[ 1894 14 14 19 12 11 11 41 11 |11 (14 100 |2 99.9
14 | 13| 23| 30| 18.4 14 13 1P 12 11 11 21 11 11 |14 100 |2 100
15| 13| 23| 31| 1994 1§ 13 19 12 11 11 41 11 |11 (14 100 |2 99.9
14 | 13| 23| 30| 18.4 14 13 7 13 11 11 22 11 11 |14 100 |2 89.9
15| 13| 23] 32| 17.4 1§ 13 17 12 10 11 20 11 11 |14 100 |2 99.9
14| 13| 23| 31| 1874 14 13 17 13 11 11 32 11 |11 |14 J100 |2 85.5
14| 13| 23] 30| 18.4 14 13 p 12 11 11 21 11 11 |14 100 |2 100
14| 13| 23| 29| 179 14 14 19 12 10 11 33 11 |11 |14 J100 |2 93.1
14| 13| 23] 30| 18.4 14 13 p 12 11 11 21 11 11 |14 100 |2 100
14| 13| 23| 30[ 184 14 120 19 12 11 12 21 11 |11 |14 J100 |2 100
14| 13| 23] 30| 20.4 14 14 20 12 10 1 21 11 11 |14 100 |2 100
14 | 13| 23| 29| 184 14 13 18 12 11 11 41 11 |11 (14 100 |2 99.9
14 | 13| 23] 29| 1994 14 13 1P 12 11 11 21 11 11 |14 100 |2 100
14 | 13| 23| 29| 199 14 13 18 12 11 11 32 11 |11 (14 100 |2 99.8
14 | 13| 23| 30| 18.4 14 12 1P 12 11 12 21 11 11 |14 100 |2 100
14| 13| 23] 30| 18.4 14 13 p 12 11 11 21 11 11 |14 100 |2 100
14| 13| 23| 30[ 199 14 14 18 12 10 11 21 11 |11 |14 J100 |2 99.8
14| 13| 23] 30| 18.4 14 13 7 12 11 11 32 11 11 |14 109 |1 98.3
14| 13| 23| 30[ 1994 14 13 19 12 11 12 21 11 |11 |14 J100 |2 100
15| 13| 23] 29| 174 14 13 18 13 10 11 21 11 11 |14 100 |2 98.9
14| 13| 23| 29| 204 14 120 19 12 11 11 41 11 |11 |14 J100 |2 100
15| 12| 23| 28 17 14 13 2p 12 10 11 20 14 |12 (14 11 20 83.4
14| 13| 23| 30] 19.94 14 13 19 12 10 11 32 11 |11 |14 |100 |2 100
15| 13| 24| 32 18 15 11 g 13 312 10 23 11 13 |14 11 20 R1a 100
15| 13| 26| 29| 15[ 16 11f 14 13 11 10 23 11 (12 J15 11 20 100
15| 14| 25| 32 15 14 11 {4 18 10 10 2B 11 11 |14 11 20 00 1
16 | 13| 25| 29| 15[ 16 11f 1p 13 11 10 23 11 (12 |14 11 20 100
151 13| 25| 29 16 17 11 g 13 31 10 23 11 12 |14 11 20 100
15| 14| 25| 32| 15[ 16 11 {4 1B 1o 30 2B 11 11 (14 p1 20 00 1
15| 13| 23| 31| 16f 14 11 1p 13 10 10 23 11 (13 |14 11 20 100
16 | 14| 25| 31 16 14 11 1p 13 30 10 23 11 12 |14 11 20 100
15| 13| 25| 30] 14| 171 12 1p 13 11 10 23 11 (12 |14 11 20 100
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15| 13| 26| 29 15 14 11] i 13 11 10 23 11 12 |15 11 20 100

17| 12| 24| 29 15 14 12 15 13 10 10 23 11 12 |14 11 20 100

16 | 14| 26| 31 15 14 11] 4 13 11 10 23 11 12 |14 11 20 100

141 13| 25| 31 15 17 11] iy 13 11 10 23 11 13 |14 11 20 100

18 | 13| 25| 31 15 14 12 15 13 10 11 23 11 14 |14 11 20 100

15| 14| 23| 32 15 13 18 2 13 11 11 21 11 13 |14 10 19E1b1lb 100

15| 14| 24| 32 18 13 17| 1B 15 10 12 21 11 13 |14 10 20 100

17| 13| 24| 31 18 14 16| 1B 13 10 12 21 11 11 |14 10 20 100

15| 12| 25| 30 17 14 16| p 13 11 12 21 11 12 |14 10 21 98.6

16 | 13| 24| 30 15 13 16| 1B 1M 10 12 21 11 12 |14 10 21 100

16 | 13| 24| 30 17 14 17| P 13 10 13 20 11 13 |14 10 20 100

16 | 13| 23| 30 15 14 16| 1B 13 10 12 20 11 13 |14 10 20 100

17| 13| 24| 30 16 13 16| B8 14 10 13 21 11 11 |14 10 20 100

15| 13| 23| 29 16 14 12 i 1 1 12 23 14 13 |15 12 19 R1b 99.9

15| 14| 25| 30 17 14 13 iy 14 10 12 23 13 13 |14 12 19 93.7

15| 13| 23| 30 17 14 12 E p i 12 2B 13 12 |15 L1 19 9.7 9

15| 14| 23| 31 17 14 11] 2D 14 10 11 25 10 13 |16 12 19 81.1

16 | 13| 24| 29 15 14 11] iy 12 10 13 23 13 11 |15 12 19 100

151 13| 23| 30 16 14 12 E 1B 11 12 2B 13 12 |15 L1 19 7.8 9

15| 13| 23| 29 16 14 12 i 11 11 12 23 14 13 |15 12 19 100

16| 9| 23| 25 15 14 14 15 1 11 11 20 12 11 |16 10 21 G2a 99.9

15| 12| 23| 30 16 14 14 16 13 10 13 21 13 11 |16 10 21 97.5

17| 12| 23| 29 16 14 14 16 14 10 11 21 12 13 |16 10 22 100

14| 12| 22| 29 15 14 14 1 14 10 12 20 11 12 |15 10 21 100

15| 13| 22| 29 18 13 14 16 13 10 12 22 15 10 |14 11 19 Q 100

15| 14| 23| 30 17 13 14 B8 14 10 11 23 15 12 |14 11 20 100

15| 14| 23| 29 18 14 13 p M 10 11 A7 10 11 |14 11 19 91.9

16 | 14| 23| 31 18 14 13 E 1B 11 13 2B 13 12 (14 L1 19 039

15| 14| 23| 29 17 14 13 2p 113 10 11 A7 10 11 |14 11 19 95.2

15| 14| 23| 29 17 14 13 2D 14 10 11 27 10 11 |14 11 19 92

15| 13| 23| 29 20 14 14 16 13 10 12 22 17 11 |14 11 21 100

16 | 12| 22| 28 14 14 14 16 11 10 12 25 14 12 |15 10 19 L 100

15| 13| 24| 29 16 14 13 p 13 10 11 25 10 11 |16 11 20 91.9

16 | 14| 22| 31 18 14 7 16 1 10 13 23 14 11 |16 10 19 00 1

16 | 13| 22| 29 19 14 10 16 13 D 11 21 14 11 |16 10 19 00 1

16 | 13| 22| 30 18 14 10 16 1B b 11 21 14 11 |16 10 19 00 1

15| 12| 22| 28 15 14 13 16 11 10 13 23 14 12 |15 10 19 100

16 | 13| 23| 29 17 14 13 1 13 10 11 22 13 11 |14 9 19 7T 100

15| 14| 23| 31 17 14 14 16 13 10 11 21 13 11 |14 9 19 00 1

151 13| 23| 30 16 14 15| 16 13 10 11 20 13 11 |14 9 19 00 1

16 | 14| 23| 30 19 14 14 1B 13 11 11 22 13 11 |14 9 19 00 1

15| 14| 23| 29 16 13 16| i 15 10 P 21 13 11 |14 8 19 .9 99

15| 14| 23| 30 16 14 14 2p 12 10 12 21 11 11 |14 9 292a1xJ2 98.2

16 | 13| 23| 30 16 14 13 p 12 10 12 22 12 13 |15 9 22 548

15| 13| 23| 31 15 14 15| 2p 13 b 12 21 10 11 |15 9 20 4 91

15| 14| 23| 29 15 14 13 1p 13 10 12 21 11 12 |15 9 22 3.2 8

16 | 14| 21| 31 17 14 17| 1B 15 10 12 21 11 11 |14 11 20E1bla 100

13| 14| 23| 32 17 14 11] E 1B 10 12 17 1 13 |14 L1 23 00 1

16 | 14| 21| 30 15 14 16| B8 14 10 12 21 11 11 |14 11 21 100

17| 14| 23| 30 17 14 13 15 12 10 10 21 11 9 |15 9 20 J2alb 86.1

15| 13| 22| 29 16 14 13 1p 12 b 11 23 11 11 |15 9 21 4 84

16 | 14| 23| 32 17 14 13 E 1B 10 11 2b 10 12 |16 9 20 83

13| 12| 24| 30 16 14 17| 1B 12 11 12 21 11 11 |14 9 19 J2b 87

15| 13| 24| 29 14 15 13 15 13 10 12 22 11 12 |15 9 21 J2alh 99.2

141 12| 24| 29 17 14 20 E 1p b 11 2D 11 12 |14 9 19 H 88.2

14| 12| 24| 29 17 14 20 E 1p b 11 2D 11 12 |14 9 19 2 88

14| 12| 24| 29 17 14 20 2 1R D 11 20 11 12 |14 9 19 197

16 | 14| 23| 31 17 14 13 1B 10 11 24 10 12 |16 9 ?0J2alb/L | 42/41.6

15| 13| 23| 29 16 14 16 E 1p b 12 2B 11 12 |15 0] PE1blb/ 66.4/17.7
J2alxJ2

13| 13| 23| 31 18 16 11 E 1B 10 11 m 11 (14 L0 P12al/12a(x | 60.5/38.5
12)

16 | 13| 23| 31 15 14 15 E 1B b 11 21 140 12 |15 9 PQ2alb/ 64.8/26.5
J2alxJ2




16 | 13| 23| 29| 15| 14 13(f 1p 12 10 12 21 11 (11 |15 [10 202alb/ 51.7/39.1
J2alxJ2

15| 13| 23| 30| 17| 14 14 4 1 11 12 21 11 (10 |15 O 2G2a/ 38/23.8
12a(x12)

16 | 13| 22| 30] 18| 15 16 1 1B Yo 12 21 11 |11 |14 po 2E&1b1b/ 48.2/36.6
Elbla

14 | 13| 24| 30| 16| 16 13( 1y 138 10 11 21 11 (12 |14 |10 2 1%¥1blb/ 64/13.2
12a(x12)

Table 10.Y-STR haplotypes, predicted haplogroups, and pritibabf haplogroup assignment (x 100) for Failaka
Island populations. A "batch" version of Whit Athehaplogroup Predictor was used to obtain thedwplps and
their assigned probabilities (http://www.hprg.coaphst5/index.html) (Athey, 2006). A (-) indicatessing data.

o) Y 5 3
o|9|lo|2|g|o|Y%|Y%|g|o|o|lo|lo|®|Oo|g|O 8 3
< ISI2lol 213215l XI=2I2I213|X|X|X = =
OB 0|l ||l |8|lvlvlvololunl>|0|@|@ Q o
bl B X | o R|o|o|R|X A RS = o
O B9 |lo|l0|lo|R|R|lo9|9|w|®|O | |®|[]|N o =
()] = o = (o) @ o w = © a1 N ~ ~ (o] (o) _g Z
15 | 13| 24| 30 15[ 13[ 16 - 14 1] 1p 1 41 J2 4 [0 |20 Elbib 100
15 | 14 | 24| 31| 18| 13 16 14 12 1p 1 43 J1 1[4 |10 |20 100
15 | 14| 25| 31| 15| 14 16 1§ 1 g 1p 32 {1 J2 pa 10|20 00 1
15 | 13| 24| 32 18] 13 14 184 14 1p 10 41 j1 2[4 [10__|20 99.6
13 | 13| 23] 30 16] 14 13 17 1 1p o 31 J1  po 16 |9 |20 J2b 99.2
- |12 [ 24| 28] 20| 13| 12[ 14 12 10 1 2o 41 _f1__p5 |9 |19 691
- |12 [ 24| 28| 20| 13| 12[ 14 12 10 1p 20 41 {1 __©5 |9 |19 691
14 | 14 | 24| 31| 107 14 13 1¢ 1p 1 11 21 §1 Bl |14 [100 |2  J1 99.4
15 | 13| 23| 29| 174 14 14 19 1p 1p 11 21 §1 p1 |14 [100 |2 100
15 | 13| 23| 30| 174 14 19 20 1p 1p 11 20 1 1 |14 [100 |2 100
15 [ 13| 23| 30| 174 14 13 19 1p 1p 11 20 1 p1 (14 [100 |2 100
15 | 13| 23| 31| 174 14 14 19 1p 1 41 20 §1 _h1 (14 [100 |2 100
15 [ 12 22 28 17| 15[ 13 14 1% 1p At 41 J1 1 16 [10 |20 G2a 99.5
15 | 12| 22| 28] 20| 15 12 1§ 1§ 1p At 31 J1 1 6 [0 |21 100
15 [ 12| 21| 20 18] 15[ 13 | 16 10 1t A1 41 i1 16 10 |24 00 1
14 | 13| 23] 29[ 15| 15[ 14 [ 13 19 1p F 41 J2  h5 |9 [21 J2alxd2 99.7
15 | 13| 24| 29| 15| 15 13 19 12 1p 138 31 41 1 15 |9 |20 6 9
14 | 13| 23| 29| 15| 15 14 18 1% 1p 1 41 j1 2 (15 [9 |21 8.6 9
15 | 12| 24 28[ 15| 15[ 13 14 1% 1p At 43 14 2 4 [11 (18 Q 97.6
16 | 13| 21| 29| 16| 14 13 14 12 1p AT 234 14 2 |5 |11 [19 L 99.9
18 | 13| 25] 31 15| 16[ 11 14 1§ 1p o 43 J1 3 |15 |11 [20 Rla 100
15 | 14 | 24| 30| 15| 14 11 13 1% 1p 1 24 13 2 15 [12_[19_ RIib 100
14 | 13| 23] 29[ 16] 14 12 14 1 1p 1 33 11 1 15 |9  [212alxJ/J2alb| 60.8/39
15 | 11 | 22 | 27| 14| 14| 17] 18 13 10 1B 20 4L 13[4 [0 |20 ElblbiL 74.9/19.6
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Figure 12.Y-chromosome haplogroup frequencies of the Kuvizaipulation
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Figure 13.Y-chromosome haplogroup frequencies of the Failaleand Population

Haplogroup J1 is the most abundant among KuwaitFaidka Island population.
While haplogroup E1blb account for 17% of Failailarid haplogroup frequencies, it
accounts for only 7% percent of the Kuwaiti Y-haploup gene pool. Interestingly, Y-
haplogroups J2b, J2a1xJ2, G2a are found in higjuémecies in Failaka Island (13%)
compared to Kuwait (1%), (3%), and (3%), respetyividaplogroups H and T found in

Kuwait in 3% and 4%, respectively, and not presemh Failaka Island.
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To examine how the Kuwaiti Y-haplogroup frequenaegributed among the
Kuwaiti subpopulations, three pie charts were aoresed and each one represents one of

the following subpopulations: Arab, Bedouin, arahian ethnicities (Figure 14).

Arab Ethnicity Y-Haplogroup Frequencies Bedouin Ethnicity Y-Haplogroup Frequencies
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Figure -haplogroup frequencies in each subpopulation

Haplogroup J1 is the most common haplogroup amaappand Bedouins 52%,
49% respectively, and it made 16% of the totalilarsubpopulation haplogroup
frequencies. The Iranian ethnicity is characterizgdhe relatively high percentage of the
haplogroup R1a (16%) which is found in Arab ethiait low frequency (6%), and is
absent in the Bedouin Y-chromosome gene pool. Whéehaplogroup E1blb and R1b
shared in frequencies ranged from 8% to 11% amotty lbanian and Bedouin
ethnicities, each one of the haplogroups reprez¥nof the Arabian Y-haplogroup gene
pool. Haplogroup G2a is a unique haplogroup amoedpoBin (4%) and Arab (6%)
ethnicities, and not found among the Iranian eibyni@edouin and Iranian ethnicities
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shared the haplogroup L by 12% and 9%, respectitdlipla and J2alxJ2 haplogroups
found among both Arab and Iranian ethnicities laitin the Bedouin gene pool. J2b and
J2alh haplogroups are unique to the Arabian etracd each one of them represents
2% of the total Y-haplogroup gene pool. The unas=igndividuals represent 9% and
10% of the Arab and Iranian total sample, respebtiv
Y-chromosome Median-Joining Tree

To visualize the diversity in Kuwait and Failakéalsd, a median-joining tree was
constructed based on Y-STR haplogroup variatidmoitn populations. This tree is
consisted of the most abundant haplogroup in bogulations which is J1 Y-haplogroup
figure 15. The network is based on 49 haplotypel; 4 of them representing Failaka
Island and they are represented in blue circles.l@lgest central node represents 6 Y-

chromosome haplotypes.

Figure 15.Median-Joining Network for Y-chromosome haplogrddphaplotypes in Kuwait
(yellow circles) and Failaka Island (blue circles)
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Neighbor-Joining Tree

A neighbor-joining tree based orRgr (sum of squared size differences) distance
matrix for Kuwait, Failaka and comparative popuas using Y-STR data present in
figure 16. The African populations (Namibia (Ovamb@uinea, and Mozambique) are
all grouped together at the top of the tree. Thegean populations (Ukraine, Croatia,
and Austria) grouped together. The rest of the fatjmns shared a node and ended by
grouping Qatar and Yemen together. Kuwait clust&eteveen Saudi Arabia and Failaka
Island which close to Iran. A two-way Mantel testsanused to test the correlation
between the original distance matrix and the coptiewlistance matrix which is
represented in the tree. The correlation had agniigant value of 0.432 which
indicates that the tree is a poor fit to the data.
Multidimensional Scaling

A multidimensional scaling (MDS) method is a godtgmative for neighbor-
joining tree to represent the relationship of then&iti and Failaka Island populations to
other comparative populations. Figure 17 shows kigimensional scaling plot which is

based on &st(sum of squared size differences) distance matrix.
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The MDS plot shows three major clusters. Firsttelusomposed of the African
population (Namibia (Ovambo), Guinea, and Mozamé)cand they are represented in
black circles. The second cluster includes the pesa populations (Ukraine, Croatia,
and Austria) and they are represented in red sirdlbe final cluster contains the West
Asian populations including: Iran, Kuwait, Failalséand, Saudi Arabia (KSA), United
Arab Emirates (UAE), Qatar, and Yemen. The WesaAgiopulations are represented in
blue circles. Failaka Island is located in the nedaetween Kuwait and Iran, and Kuwait
close to Saudi Arabia. Qatar and Yemen are closadb other. The MDS plot reflects
the geographical location of both Kuwait and Fal#kland, and the contribution of gene
flow from the surrounding countries in the Kuwaitid Failaka Island gene pools. The
stress value of the MDS plot is good (0.15180). dhginal distance matrix was
compared to a MDS matrix using a two-way Manted. t€ee correlation was highly
significant with value of 0.95224. This value inglies that the MDS plot is a good fit to
the data.

To determine the relationship of the Kuwaiti subglagions to Failaka Island and
surrounding populations, another MDS plot was e@#Figure 18). There are 5 clusters
presented in the MDS plot. As the first plot, thretfand second clusters contain the
African populations (Namibia (Ovambo), Guinea, &akzambique) and the European
populations (Poland, Germany, Ukraine, Croatia, Aunstria). The third cluster includes
Iran, Failaka Island, and the Iranian subpopulat®audi Arabia with the Arab and
Bedouin subpopulations formed the fourth clustée Tinal cluster contains Qatar,
Yemen, and United Arab Emirates. The stress vditieeoMDS plot is good (0.17711).

The correlation was highly significant with value0095518.
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Gene Diversity vs. Distance from the Centroig)(r

The plot of heterozygosity vs; based on Y-chromosome STR data for 15
populations is presented in figure 19. Populatminsuwait, Saudi Arabia (KSA),
Poland, Austria, Germany, Iran, Qatar, and Guimedazated above the hypothetical
regression line. This pattern indicates that thpegmulations experienced more male gene
flow and consequently more genetic diversity. Tdiwing populations are located
below the theoretical regression line: FailakandlaJnited Arab Emirates (UAE),
Yemen, Croatia, Ukraine, Namibia, and Mozambiques Buggests that these
populations experienced more genetic drift comp&vegkne flow which leads to low Y-
chromosome diversity. Kuwait, Saudi Arabia (KSA)daPoland are located in the upper
left corner, suggesting that they may have expeedmore gene flow than the other

populations.

0.40

0.44 1

0.42 1

0.40 1

0.38 |

0.34 A

Gene Diversity

0.34 -

0.32 - Mozamb.ique

0.30 -

0.05 0.10 0.15 0.20 0.25 0.30
Distance from the Centroid (vii)

Figure 19.Y-STR Diversity vs. r plot. African populations are black circles; WaAstan
populations are green circles; European populatoased circles.
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Analysis of Molecular Variance (AMOVA)

Analysis of Molecular Variance was performed toedetine the genetic structure

of 15 populations based on the Y-chromosome STRohges. Populations were

classified according to their geographical regidrie first group represents the African

populations: Namibia (Ovambo), Guinea, and Mozanmid he second group contains

the European populations: Germany, Poland, AusBriaatia, and Ukraine. The West

Asian populations represent the last group: Irany&it, Failaka Island, United Arab

Emirates, Qatar, Saudi Arabia, and Yemen. The re$dMOVA analysis is shown in

table 11. The greatest amount of variation wasmwieseamong groups and accounted for

65.39% of the total variation, followed by withiogulations variation (22.98%), and

finally within groups variation (11.63%). All vamnae components are significant.

Table 11.AMOVA of Y-STR data in 15 populations, grouped lgographic region (Africa, Asia, and

Europe).
Source of d.f. Sum of Variance Percentage of F-Statistics
Variation Squares Components Variation
Among 2 41945478 23.28185 65.30  dc=0.65390
groups
Within 12 13480.151 4.14072 11.63  ®s=0.33602
groups
Within 4389 35911.149 8.18208 22.98 ®s=0.77020
populations
Total 4403 91336.777 35.60465

*P-value = 0.000
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Mitochondrial DNA (mtDNA)

Sequence Diversities and Neutrality Test Statistics

Table 12 shows the diversity levels and neutradist scores for the HVS-| data
of Failaka Island and comparative populations. WHhihgland has the lowest genetic
diversity (0.9651), the highest genetic diversigswbserved in Kenya (0.9960). The
measure of genetic diversity for Failaka Islan®@§86) is similar to Kuwait (0.9799) and
the rest of neighboring populations, Iran (0.98%%)) (0.9918), and Saudi (0.9905). The
gene diversities measures for the rest of popuratiall between 0.9960 and 0.9651. For
the neutrality test statistics, Failaka Island gapan shows a significant negative

Tajima’s D (-1.94476) accompanied with a significeno’s Fs (-15.68033). These results

indicate that Failaka Island population may be ugodieg an expansion in relatively

short period of time.

Table 12.Summary statistics for Failaka Island and compaegtopulations based on mt-DNA HVS-I
sequence data (np 16080-16380), including the nuofteamples (n), gene diversity (H), nucleotide
diversity, mean number of pairwise differences lestwhaplotypest.

Population N H ngcleo_tlde m Tajima’s Fu's FS
iversity D
Nigeria 63  0.9949(0.0039)  0.0239(0.012661) 6.58%B8327) -1.40382 -25.12797*
Kenya 78 0.9960(0.0029) 0.032374(0.016713) 8.903B857) -1.36419 -24.68139*
Saudi Arabia 15 0.9905(0.0281) 0.022234(0.012566) .11483.082149) -1.32083 -7.63765*
Kuwait 94  0.9863(0.0051) 0.019106(0.010318)5.273(2.570788) -1.87839*  -25.40242*
Failaka Island 27 0.9886(0.0131) 0.021481(0.011782) 5.929(2.91p822.94476* -15.68033*
Iraq 116 0.9918(0.0036)  0.019862(0.010659)  5.488@B44) -2.10200*  -25.27102*
Syria 69 0.9881(0.007) 0.019229(0.010419) 5.309@951) -2.14505* -25.44560*
Kurdistan 53 0.9833(0.0095) 0.019239(0.010471) ®B604634) -1.99134* -25.45358*
Iran 92  0.9895(0.0049)  0.020453(0.010967)  5.643@4%5) -2.10033*  -25.30270*
Turkey 290 0.9851(0.0039) 0.017378(0.009419) 473@0858) -2.22379*  -25.06957*
Greece 179 0.9760(0.0055) 0.014011(0.007825) 318851536) -2.17981* -25.74642*
England 242  0.9651(0.0078) 0.014654(0.008122) 420886110) -2.24347* -25.48480*
Bulgaria 141 0.9762(0.0065) 0.014925(0.008276)  HAD63531) -2.12006* -25.72305*
Romania 92  0.9811(0.0051) 0.015303(0.008491) 42P86396) -1.97053*  -25.81275*

*Tajima’'s D are significant at p<0.05 & Fu's Fs aresignificant at p<0.005
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Mismatch Distribution

Mismatch distributions of Failaka Island and conapiae populations are
provided in figure 20. Unimodal distributions wenehibited by Failaka Island, Kuwait,
and Iran. These populations reach a peak in thébauof pairwise differences between
four and eight with frequency ranging between 1& 20 percent. The values of
Harpending's raggedness index were calculatedafdr population. All the values are
insignificant and below 0.03. The smooth bell-slthgistributions accompanied by low
raggedness index (below 0.03) are suggestive efreodraphic expansion occurred for
these populations. African Bushmen and Somalia shaltimodal distributions. Their
Harpending’s raggedness index values were insgamtiand below 0.03. According to

the raggedness index and the mismatch distribyttbese populations maintain a

constant population size over a long period of time

Mismatch Distribution
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Figure 20 Mismatch distributions of Failaka Island and camgtive populations
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Neighbor-Joining Tree

A neighbor-joining tree based on mtDNA HVS-I| seqeeedata of Failaka Island
and comparative populations using is presentejurd 21. Nigeria and Kenya are
grouped together at the bottom of the tree. Whiéefollowing European populations
(Romania, Bulgaria, Greece, and England) groupgetier, Turkey is in the middle
between Kurdistan and European populations. Eaelobthe remaining populations
shared a separate node. Failaka Island clustetegde Saudi Arabia and Kuwait. A
two-way Mantel test was used to test the corratdbietween the original distance matrix
and the cophenetic distance matrix which is reprteskin the tree. The correlation had a
value of 0.86185 which indicates that the treeg®ad fit to the data.
Multidimensional Scaling

A multidimensional scaling (MDS) method is anotheethod to visualize the
genetic relationship of Failaka Island populatiorother comparative populations. Figure
22 shows a multidimensional scaling plot whichasdd on mtDNA sequence data using
Tamura and Nei's (1993) distances. The African pafpans, Nigeria and Kenya, are
found in the left side of the plot. The Europeapydations (Romania, Bulgaria, Greece,
and England) are clustered in the lower right siihe plot. Turkey is located in the
middle of European population and Kurdistan aseggmnted in the Neighbor joining tree.
Iraq, Syria, and Kurdistan are close to each ofhg@faka Island located in the middle of
Kuwait, Saudi Arabia, and Iran. The MDS plot hagoad stress value of 0.04133. The
original distance matrix was compared to a MDS maitsing a two-way Mantel test.
The correlation was highly significant with value0098349. This value indicates that the

MDS plot is a very good fit to the data.
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Another MDS plot was constructed using three Kumvgibpopulations instead of
Kuwait. As the Previous plot, the African popubeits, Kenya and Nigeria, are found in
the left side of the plot. In the upper right sadener, the European populations
(Romania, England, Greece, and Bulgaria) are gebtgugether. Turkey is located
between the European populations group and Kurdisitag, Syria, and Kurdistan
formed another group. Failaka Island is locatethexmiddle of Saudi Arabia, Iran, and
Bedouin ethnicity subpopulation. Iranian ethnigtbpopulation is located close to Iran.
Arab ethnicity subpopulation is close to Bedouimnétity subpopulation than any other
population. The MDS plot has a stress value of@@6 A comparison of the original
distance to a MDS matrix using a two-way Mantet tedicated that they are highly

correlated (0.98439). This value suggests thamMb& plot is a very good fit to the data.
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Gene Diversity vs. Distance from the Centroig)(r

The plot of gene diversity vs; based on mtDNA HVS-I sequence data for 14
populations is presented in figure 24. Theoretycalh inverse linear relationship
between diversity ang rs expected for human genetic variation which feiahe
isolation by distance model (Harpending and Warg)9Since this method was
developed for small subpopulations, a positivedimelationship can be seen when
applying this method for continent populations (btarding and Ward 1982). The
following populations are located above the hyptthéregression line: Kuwait, Iran,
Iraq, Kurdistan, Syria, Turkey, Nigeria, and Ken¥Yaeir location in the plot suggests
that these populations experienced more female ff@uevhich is consequently
increasing the genetic diversity. Failaka Isla®dyudi Arabia, Romania, Greece,
England, and Bulgaria are located below the hygmleregression line. The plot
suggests that these populations are less admixkexgerienced more genetic drift than
the rest of populations. Kenya is located in thpanpgight corner, suggesting that Kenya

may have experienced more gene flow than the qibyaulations.
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Figure 24. mtDNA HVS-I Diversity vs. § plot. African populations are black circles; Wasian
populations are green circles; European populatwesed circles.

Analysis of Molecular Variance (AMOVA)

Analysis of Molecular Variance was performed toetigtine the genetic structure
of 14 populations based on mtDNA HVS-I haplotypgusnce data. Populations were
classified according to their geographical regidriee first group represents the African
populations include Nigeria and Kenya. The secand consisted of the following
European populations: Turkey, Romania, Bulgari&eBe, and England. The last group
represents the West Asian populations and theykaneait, Failaka Island, Saudi
Arabia, Iraq, Iran, Syria, and Kurdistan. The resfIAMOVA analysis is shown in table
13. The greatest amount of variation found withapglation and accounted for 91.5% of
the total variation, followed by among groups vaoia (7.33%), and finally within

groups variation (1.17%). All variance componemessagnificant.
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Table 13.AMOVA of Y-STR data in 14 populations, grouped tgographic region (Africa, Asia, and
Europe).

Source of  d.f. Sum of Variance Percentage of F-Statistics

Variation Squares Components  Variation

Among —
175.487 0.19905 7.33  ®c=0.07332

groups

Within 11 64.677 0.03164 117  ds=0.01258

groups

Within 1537 3818.239 2.48422 91.5  ®sr=0.08497

populations

Total 1550 4058.403 2.71491

*P-value = 0.000

Mantel Test:

Mantel tests were used to calculate correlatiowéen genetic and geographic
distances based on both mtDNA HVS-I and Y-STR {&&dle 14) Mantel test indicates
a strong and significant correlation between thB#A and Y-STR distances, weaker
and insignificant correlation between geneticsatise matrices (MtDNA/Y-STR) and
geography distance matrice. The result suggedtshibie are no differences between
patterns of mtDNA and Y-STR variation in the testegions of Kuwait, Failaka Island,
Saudi Arabia, and Iran. This result is consisteiti the history of these countries where

they experienced high gene flow among them.

Table 14.Mantel Correlation Test Results

Comparison r P
Mitochondrial DNA vs. Y-chromosome STR  0.8857 0.5%3
Y-chromosome STR vs. Geography 0.3714  0.2609
Mitochondrial DNA vs. Geography 0.0857 0.3913

*P-value > 0.05
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Chapter Five: Discussion

Paternal Genetic Structure of Kuwait

The origins and the geographical expansion of hisnhawe been studied using
multiple approaches including molecular genetiede@ntology, and archaeology.
Genetic findings indicate that Africa is the mothaad of all humans and from which
they migrated to rest of the world. The criticatdtion of the Arabian Peninsula in
understanding the first major migration of humastdny has triggered the investigation
of the genetic structure of the Arabia populationthe last few years. The investigation
of the genetic structures of Kuwait and Failakansl assist in the understanding of the
role of the Arabian Peninsula in human diaspora.

The major Y-haplogroup in Kuwait is J which is repented by its subclades J1
and J2 and these two subclades accounted for 458& edtal variation. The highest
haplogroup frequency in Kuwait is J1 (37%). In Bld Island, haplogroup J2 is found in
higher frequency than J1, (26%) and (20%) respelgtiHaplogroup J1 has been found
in high frequencies in the Arabian Peninsula andenspecifically in the southern
regions. It is documented in Yemen (72.6%) (Cadebhas, 2008), Oman (38%) (Luist
al., 2004), Qatar (58.3%) (Caderetsal, 2008), United Arab Emirates (34.8%) (Cadenas
et al, 2008), Saudi Arabia (42%) (Abu-Ameeb al, 2009), Iraq (33.1%) (Chiaroet
al., 2008), Turkey (8.99%) (Cinniogkt al, 2004), Lebanon (12.5%) (Semiabal,
2004), and Egypt (20%) (Luet al, 2004).

The split of haplogroup J into J1 and J2 most Yilacurred 18 Kya (Seminet
al., 2004). Each clade has a specific geographictilaision pattern associated with a

unique history. The geographical distribution oplogroup J1 reaches it is highest
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frequency in southern Arabia and decreased nortlevétaplogroup J2 has reverse
pattern, highest frequency is found in the Levantt decreased southwards. According to
Chiaroniet al. (2008), haplogroup J1 is found mostly inland ared associated with
populations of herdsmen. Haplogroup J2 is fountthéncoastal area and linked to
agricultural populations (Chiaroet al, 2008).

The geographical distribution of haplogroup J iesistent with my findings,
especially when dividing the Kuwaiti population agding to their ethnicity. The
Bedouin subpopulation, whose members lived a notriddibefore oil discovery, have
high frequency of haplogroup J1 (49%) and absehbamogroup J2. The Arab
subpopulation has high frequency of haplogroup (2#tich lower haplogroup J2 (8%).
Compared to the other subpopulations, the Iranidpapulation has low J1 haplogroup
frequency (16%) and high J2 haplogroup frequentyd)l

The second most common haplogroup in Kuwait is @avi420) (11%), which
is widely distributed among populations from SoA#ia to Central East Europe and
Sothern region of Siberia (Underheit al, 2010). In Failaka Island the haplogroup R1a
accounts for 4% of the total variation. The disitibn pattern and the origin R1a Y-
haplogroup are not well understood due to the alesehphylogenetic information of its
subclades. In addition, it is difficult to distingh between the Asian and the European
origin of the R1a. Although, R1ala (R-M17), als@km as R-M198, is the most
common subclade, its place and time of originilsascure (Underhilet al, 2010).

One hypothesis linked haplogroup R1ala to the dpvé&urgan culture which
originated in Southern Russia/Ukraine and betwe@d(1,000 B.C.E (Underhiét al,

2010) and distributed over India, Central Asia, &utope. Another explanation based on
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Rlala frequencies in Asia suggests an Asian OfWiglls et al, 2001). In central Asia,
the frequencies of haplogroup Rlala reach abovedféhtig Tajiks, Kyrgyz, and Altais
and found below 10% among the Turkmenians and Kez@k/ellset al, 2001; Zerjakt
al., 2002). In Iran, the frequency of haplogroup Rdaches approximately 30% in the
eastern regions and decreases in the western sagi@frequency below 10%
(Quintana-Murcket al, 2001). It is believed that both the Dasht-e Kawid Dash-e Lut
deserts of Iran act as gene barriers especialltheoR1al-M198 lineage (Quintana-
Murci et al, 2001; Regueiret al, 2006; Wellset al, 2001).

The distribution of the haplogroup R1a among thevKiti subpopulations
brought more insight about the effect of the gdow.fThe highest frequency found
among the Iranian ethnicity subpopulation (22%fjoilwed by the Arab ethnicity (6%),
and its absence among the Bedouin subpopulatias.digtribution represents the
presence of the Iranian gene flow to Kuwait. lragjwell, has experienced Iranian gene
flow which was identified by Al-Zahergt al. (2003).

Haplogroup E1blb (E-M215), known previously as E8lihe second most
common haplogroup in Failaka Island (17%) and foanidw frequency in Kuwait (7%).
Without further SNPs analyses it is difficult tasagh a specific lineage or subclade for
our sample. Most likely it belongs to one of théd@wing most common lineages in the
Arabian Peninsula: E1blblal (E-M78) and E1b1b1bRaZ3). The haplogroups
Elblblb2a (M-123) and Elblblal (E-M78) are presdotv frequencies over a wide
geographic areas including Eastern Africa, the N&dehst and the Mediterranean basin
(Crucianiet al, 2004; Luiset al, 2004; Seminet al, 2004). However, isolation and

genetic drift effects explain the increase in taplbgroup E1blblb2a (M-123) frequency
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which has been detected in some Ethiopian samplés)((Crucianet al, 2004) and in
the Dead Sea region of Jordan (31%) (Fletesl, 2005). In the Arabian Peninsula, the
southern region which includes Oman and Yemen lggehfrequencies of the
haplogroup E1lblblb2a (M-123) compared to the northegion (Abu-Amereet al,
2009). An East African origin of the haplogroupEhlb2a (M-123) and E1blblal (E-
M78) have been proposed which then spread to tlae Bast through the Levantine
corridor (Cadenast al, 2008; Crucianet al, 2004). Horn of Africa and the Levant are
probably the two gates through which the haplogieiblblb2a (M-123) was
introduced to Arabia (Abu-Ameret al, 2009). Failaka Island was part of the Dilmun
civilization which has active maritime trading reat The archaeological findings and the
maritime activities of Failaka Island support taetfthat the haplogroup E1blb and it is
subclades could be introduced and spread durinij¢loéithic period. While the Bedouin
and the Iranian ethnicities of the Kuwaiti subp@ain exhibit similar frequencies of the
haplogroup E1blb 11% and 9% respectively, the £&thhicity shows low frequency
(2%). These results cannot be further interpretigddont additional information

regarding the specific lineages they belong to.

The neighbor joining tree and the multidimensiatlling plot which are based
on Y-STR data in figure 16 and 17, respectivelypvglithat Kuwaiti populations are
clustered in the middle between Iran and Saudi ilrdoth plots suggest that the
paternal genetic structure of Kuwait is similaiSaudi Arabia and Iran. Not only in the
paternal genetic structure, but the maternal gesstiicture of the Kuwaiti population is
similar to Saudi Arabia and Iran (Theyabal, 2012). This pattern is expected given the

fact that both countries shared geographical berdéh Kuwait and gene flow is more
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likely than in the distant countries. In the sarfeeg Failaka Island is located between
Iran and Kuwait. Since Failaka is an Island locatethe Arabian Peninsula between Iran
and close to Kuwait, gene flow is expected fronmIrBhis pattern indicates that the
paternal genetic structure of Failaka is similaKtovait and Iran. In addition, the gene
flow from Saud Arabia is less likely according betMDS plot. While Yemen and

United Arab Emirates are genetically related, Qetéocated in the far left of the plot as
an outlier.

The MDS plot shown in figure 18 reflects the redaship of the Kuwaiti
subpopulations to neighboring populations. Thei#maisubpopulation is clustered
between Failaka Island and more proximal to Iramplying that the paternal genetic
structure of the Iranian subpopulation is closdrdaa and Failaka. Saudi Arabia, Arab
subpopulation, and Bedouin subpopulation are adledtegether which indicates that the
paternal genetic structures of both subpopulatmassimilar to Saudi Arabia than any
other populations.

The plot of gene diversity versus distance fromdéetroid (5) indicates that the
Kuwaiti paternal genetic structure is similar tau8aArabia paternal genetic structure in
which both are highly diverse and have experiemsete male gene flow than the other
Arabian countries. The gene flow is expected irhlmmuntries especially after the
discovery of oil when more jobs were filled by figieer workers (Casey 2007). In
addition, the presence of The Sacred Mosque ini@eaadia to which approximately 2
millions worshipers travel yearly to perform Hailljgsimage and some of them remain as
illegal immigrants (Abu-Amero 2002). Moreover, thiet suggests that Failaka Island

experienced genetic drift and less migration whedtuced the genetic variation. The
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genetic drift is a powerful evolutionary mechanisgpecially in island populations

(Smith & Wayne, 1996).
Maternal Genetic Structure of Failaka Island

The maternal genetic structure of Failaka Islarsllbeen investigated and
compared to Kuwait and neighboring populations gismultivariate statistical analyses.
In the multidimensional scaling plot in figure 22ikaka clusters in the middle among
Kuwait, Saudi Arabia, while Iran. Iraqg, Syria, Kistan, and Turkey formed a second
cluster separate from Failaka Island. This plogests that the maternal genetic structure
of Failaka Island is a mixture from Kuwait, SaudiAia, and Iran. Interestingly, the plot
suggests that gene flow from Iraq is less likelfhaugh Iraq is geographically close to
both Failaka Island and Kuwait. According to Thewalal.(2012), the maternal genetic
structure of Kuwait was not influenced by the Igame flow. A neighbor joining tree
was constructed to visualize the maternal genetationship of Failaka to other
populations. According to the neighbor joining tpdet in figure 21, Failaka Island
clustered between Kuwait and Saudi Arabia but veaglistant from Iran. This finding is
consistent with the MDS plot and both plots aredympresentations of the mtDNA
sequence data. A second MDS plot was constructhadimg Failaka Island, the Kuwaiti
subpopulations, and other populations (Figure B8ilaka Island is clustered in the
middle among the Bedouin ethnicity subpopulatioanian ethnicity subpopulation, and
both Saudi Arabia and Iran, as previously describ&é Arab ethnicity subpopulation is
clustered next to the Bedouin ethnicity subpopatatiThis pattern suggests that both the
Bedouin and Iranian ethnicities subpopulations hmaye influenced the maternal genetic

structure of Failaka Island.
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The mismatch analysis of Failaka Island populatnaiicates that the population
of Failaka is a rapidly expanding population. Téwsclusion is supported by the history
and the demography of Failaka Island combined mitmatch analysis the smooth bell-
shape distribution with raggedness index valuew&l®3. In addition, the significant
Tajima’s D statistic (-1.94476) and Fu’s Fs (-1088) measurements of Failaka Island
population support the demographic observationfadaka Island underwent an
expansion during a short period of time. Kuwait 8ggerienced similar population
expansion to Failaka Island with significant TajiB statistic (-1.36306) and Fu’s Fs (-
10.25005) measurements values (Thestadd, 2012). In addition, to Kuwait, Iran shows
similar pattern of mismatch distribution. Compatedrailaka Island, the mismatch
analyses of both Somalia and African Bushmen slamged shaped distributions
indicating that historically these populations wef&onstant size over a long period of
time.

A plot of gene diversity versus distance from thatooid of distribution, based on
MtDNA HVS-I of Failaka Island, Kuwait, and compavatpopulations are presented in
figure 24. While Failaka Island and Saudi Arabia laccated below the hypothetical
regression line, Kuwait is located above the liftee location of Failaka Island suggests
that the maternal genetic structure of Failakanslaas low female gene flow from
neighboring populations and probably they expeedmgenetic drift at some time in
history. The paternal and the maternal genetictira of Failaka Island have similar
pattern of gene flow and genetic drift. This pattsuggests that Island population is
more likely to experience low gene flow and gendtift (Smith and Wayne 1996). The

diversity of the maternal genetic structure of Kii&low compared to the paternal
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genetic structure. Similar to the pattern obsemdgduwait, the maternal genetic
structure of Saudi Arabia has low genetic diversityis pattern is supported by the fact

that first cousin marriage is the most preferrethese populations (Teebi, 2010).
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Chapter Six: Conclusion

The genetic structure of the Arabian Peninsulammex and has a detailed
evolutionary history. One of the most significameets in the Arabian Peninsula history
was initiated by the major expansion edflymoout of Africa (Cabrerat al, 2009;
Petragliaet al, 2009). Three major events occurred in the AraBianinsula that
influenced the genetic structure of the Arabstlijg)ancient civilizations that were
established over areas of the Arabian Peninsutdy, ast Mesopotamia and Dilmun, were
active trading routes with the Indus valley and Neast. These trading routes were
documented by the archeological artifacts fountheArabian Peninsula and related to
the Ubaid period. (2) The long series of wars leetwthe Roman and the Persian
Empires occurred in the Arabian Peninsula durirgftiurth century. (3) The Islamic
expansion was a major event in the Arabian Peransulvhich several ethnicities were
introduced to Islam and to the Arabian Peninsukesk three events introduced new
ethnicities to the Arabian Peninsula and alteredattiginal genetic structure by
introducing new haplogroups (Abu-Amegbal, 2009; Cadenaast al, 2008; Cernyet
al., 2008:Cernyet al, 2009).

Arabs lived in the Arabian Peninsula for an extehgderiod of time and their
early history is obscured and limited due to thgealoe of historians until the rise of
Islam. However, recent archaeological artifactsibacross the Arabian Peninsula
indicate that the Arabian Peninsula is demografligiea active region since it has been
inhabited by several populations over a long peabtime. One explanation for such
activity is the location of the Arabian Peninsulaieh is the only land connected to

Africa and acts as a bridge connecting three cents) Africa, Asia, and Europe.
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(Armitageet al, 2011; Lewis 1993; Petraglet al, 2010; Quintana-Muraet al, 1999;
Rodinson 1981).

In addition to the archaeological artifacts, recemalyses of genetic markers in
the Arabian Peninsula support the Out of AfricaotlyeMultiple African, European, and
Asian haplogroups have been identified in the Aaal®eninsula, including the mtDNA
haplogroups H and L, and the Y-chromosome haplgggd&iand T. However, the Arabs
have their own maternal and paternal genetic mankéich can be used to distinguish
them from other ethnicities. The mtDNA structureloé Arabian Peninsula is
distinguished by the presence of high frequendyaplogroup ROa which most likely
originated in Yemen. On the other hand, the patestnacture of the Arabian Peninsula is
distinguished by the high frequency of haplogrowmd especially subclades J1-M267
and J2-M172 (Abu-Ameret al, 2009; Cadenast al, 2008;Cernyet al, 2009).

To better understand the evolutionary history ef Anabian Peninsula, this
dissertation has presented an investigation op#ternal genetic structure of both
Kuwait and Failaka Island based on Y-chromosome.3iBddition to the paternal
genetic structure, the maternal genetic structtifeatdaka Island has been examined
using mtDNA sequence data.

The results of this dissertation demonstrate thapiaternal genetic structure of
Kuwait is similar to Failaka Island, Saudi Arabeed Iran. This finding is supported by
the multidimensional scaling plot and the neighjoiming tree. These results are
expected since they are a reflection of the relonory of Kuwait. About 300 years ago,
tribal groups migrated from Najd in Saudi Arabialastablished the current country of

Kuwait (Alghanim 1998; Casey 2007). At that timstadblishing a trading network with
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neighboring populations such as Iran and Irag waayaof sustaining the life for the
tribal groups. Not only trading, but oil productionKuwait attracted foreign laborers
(Casey 2007). The modern genetic structure of tin@diti population has been
influenced significantly by two factors, tradingdaoil production. This finding is
supported by the great genetic diversity of Kuwaitnpared to Failaka Island which
shows low genetic diversity combined with possigeetic drift.

The most frequent Y-haplogroup in Kuwait is J1 @&ratcounted for 37% of the
total variation and it is similar to other Arabipapulations including: Oman (38%) (Luis
et al, 2004), Qatar (58.3%) (Caderetsal, 2008), United Arab Emirates (34.8%)
(Cadenat al, 2008), and Saudi Arabia (42%) (Abu-Amextoal, 2009). In Failaka
Island, the most frequent haplogroup is J2 (26%vieced by J1 (20%).

The maternal genetic structure of Failaka is a anextvhich is similar to Kuwait,
Saudi Arabia, and Iran. The data suggest that threem of Failaka Island came
originally from Iran and Saudi Arabia. The patergahetic structure of Failaka Island is
similar to its maternal genetic structure showiomg genetic diversity and probable
influence of genetic drift. In general, the matégenetic structure of Failaka Island has
experienced a demographic expansion over a shioodpef time. This finding is
supported by the history of Failaka Island.

In conclusion, the history and the archaeologid#lazts of Arabian Peninsula
suggest that the Arabian Peninsula is an activemeaf the world and was occupied by
multiple populations over a long period of time day, Kuwait population is one of
several populations occupying the Arabian Penindidaunderstand the genetic structure

of the Arabian Peninsula, this dissertation ingggd the genetic structure of Kuwait
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and Failaka Island. Both populations are simiageographically neighboring

populations especially Saudi Arabia and Iran.
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