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Abstract 

The genetic composition of Icelanders has been widely researched. For the last couple of 

decades deCODE genetics in Iceland has collected DNA samples from more than half the 

Icelandic population. Studies of mitochondrial DNA from the genetic database as well as 

data from the genealogical database have revealed that the Icelandic population is largely 

descendant from Scandinavia and the British Isles. However, a small proportion of the 

Icelandic population are carriers of rare groups of mtDNA. One of those groups is L3e5a 

that is usually found in North and Central Africa. The Icelandic L3e5a therefore possibly 

has African origins. 

 The objective of this study is to determine when carriers of this haplogroup arrived 

in Iceland. Two hypotheses exist. The first hypothesis is that the L3e5a haplogroup arrived 

around 870 AD at the time of the settlement in Iceland. The second hypothesis is that the 

haplogroup arrived later and possibly with those who returned from the Turkish abductions 

in 1627. 

 In the deCODE genetic database 74 individuals were found carrying the L3e5a 

haplogroup and all individuals could be traced to five matrilineal ancestors born between 

1630 and 1748. Consensus sequences were made for the five ancestors and compared with 

34 mtDNA sequences from literature. One sequence, from Hungary, had similarities to the 

Icelandic ones but the origin of that sequence is unknown. 

 The frequency of the haplogroup in the Icelandic population was compared to other 

European populations, as well as few from Africa, to see whether the Icelandic frequency 

differed. The haplogroup has not been found in Scandinavia or the British Isles. Predicted 

frequencies for these areas are similar to Iceland. This suggests that the haplogroup may be 

found there in small numbers, and has not been found due to small sample size. In 

conclusion it is likely that the L3e5a haplgroup arrived with the settlement.  
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Ágrip 

Erfðamengi Íslendinga hefur verið mikið rannsakað. Á seinustu tveimur áratugum hefur 

Íslensk erfðagreining safnað lífsýnum úr meira en hálfri þjóðinni. Rannsóknir á hvatbera- 

og Y-litnings erfðum hafa sýnt það að Íslendingar eru að mestu ættaðir frá Skandinavíu og 

Bretlandi. Einnig hafa fundist framandi hvatberaerfðir, þar á meðal af hvatberahóp L3e5a 

sem algengast er að finna í Mið- og Norður Afríku. Möguleiki er því að þessi 

hvatberahópur á Íslandi sé uppruninn í Afríku. 

 Markmið þessarar rannsóknar er að reyna tímsetja komu hvatberahópsins L3e5a til 

Íslands. Tvær kenningar eru til um það. Sú fyrri segir að hvatberahópurinn hafi borist til 

Íslands með landnámi í kringum 870. Seinni kenningin segir að hvatberahópurinn hafi 

komið seinna til landins og mögulega með þeim sem snéru aftur til Íslands eftir 

Tyrkjaránið 1627. 

 Í gagnagrunni Íslenskrar erfðagreiningar fundusts 74 einstaklingar meðal 

raðgreindra sýna sem bera hvatberahópinn L3e5a og voru þeir komnir af fimm 

formæðrum, fæddar á árunum 1630 til 1748. Erfðaraðir voru gerðar fyrir ættleggina fimm 

og voru þær raðir bornar saman við 34 þekktar hvatberaraðir. Ein röð var lík þeim íslensku, 

frá Ungverjalandi, en uppruni þeirrar raðar er ekki þekktur. 

 Tíðni hvatberahópsins á Íslandi var borin saman við tíðni í nokkum löndum 

Evrópu, sem og í Afríku, til þess að sjá hvort hún væri ólík. Hvatberahópurinn hefur hvorki 

fundist í Skandinavíu né á Bretlandseyjum. Spáð var fyrir um tíðni á þessum svæðum og 

var hún svipuð þeirri tíðni sem finnst á Íslandi. Líklega finnst hvatberahópurinn á þessum 

svæðum en vegna þess hve úrtakið er lítið, miðað við Ísland, þá hefur hópurinn ekki 

fundist þar. Út frá því er hægt að álykta að hvatberahópurinn hafi komið til Íslands með 

landnámi.  
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1 Introduction 

The genetic material in the human body is composed of 22 autosomal chromosomes pairs and 

one pair of sex determining chromosomes, as well as mitochondrial DNA (mtDNA). mtDNA 

is inherited maternally through the fertilized oocyte. In the mitochondria there is no 

recombination, but mutations do occur. With the known inheritance pattern and mutation rate 

the mtDNA it is an ideal locus for research into the evolution of modern humans and 

migration of maternal lineages (Forster, 2004). 

The mitochondrial origin of modern humans has been traced to a woman that lived in 

South or East Africa 120 thousand years BP. That woman has been named mitochondrial Eve 

and she is the most resent common matrilineal ancestor to modern humans. From 

mitochondrial Eve all mitochondrial lineages, known to date, evolved from. Mitochondrial 

Eve is believed to have had the mitochondrial lineage, or haplogroup, L. About 60 - 80 

thousand years after her time, did the L1 haplogroup evolved into L2 and L3. The L3 

haplogroup is the predecessor of all mtDNA haplogroups found outside of Africa. The Out-

of-Africa migration took place approximately 54 thousand years ago and from that the 

haplogroup M and N emerged (Forster, 2004; Salas, et. al., 2007).  

Mitochondrial DNA of macro-haplogroup L are mostly found in sub-Saharan Africa.  

There is one haplogroup, L3e5, found in Central Africa as well as North of Sahara. This 

haplogroup most likely has its origin in the Lake Chad Basin, on the boarder of Chad, 

Cameroon, Niger, and Nigeria, around 11.5 thousand years before present. Carriers of this 

haplogroup migrated to North Africa about 7100 years BP (Forster, 2004; Cerný, et. al., 

2007). 

In addition to the places previously mentioned, there have been sporadic reports of 

haplogroup L3e5 in Europe, and in America (Podgorná, et. al., 2013). In Europe the L3e5 

haplogroup has been found in very small fraction of the population.  

Since deCODE Genetics was founded in 1996, samples from over 30,000 people have 

been whole-genome sequenced in relation to research on different diseases. This data 

contains information from mtDNA and the Y chromosome that has been used to make 

inferences about the origin of Icelanders. Previous studies have found that Icelanders are 

mostly originated from Scandinavia and the British Isles (Helgason, et. al., 2000; Helgason, 

et. al., 2001; Helgason, et. al., 2009). In the Icelandic population few haplogroups have been 

found that are not typically found in Europe. One of those haplogroup, C1e, is most likely 

originated from Native Americans (Ebenesersdóttir, et. al., 2010). The haplogroup focused on 

in this study, L3e5a, is typically not found in Europe and is believed to have potential African 

origin. This haplogroup in Iceland can be traced back to five matrilineal ancestors born 

between 1630 and 1748 AD. 

 The objective of this study is to determine when this carrier of the L3e5a haplogroup 

arrived in Iceland, whether it arrived during the settlement in 874 AD, or later on. One 

possibility is that it arrived to Iceland after the Turkish abductions in 1627, where around 400 

Icelanders were sold into slavery in Algeria and Salé, Morocco. A small part of the abducted 

population returned home between 1630 and 1636 (Helgason, 2013), raising the possibility 

that the haplogroup arrived then. 
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2 Mitochondrial DNA 

The mitochondrial DNA (mtDNA) has its origin from prokaryotic cell that in the eukaryote 

evolution was endocytosed around 1.5 billion years ago. Mitochondria have their own 

genome in a circular double stranded form, and their own ribosomes. The human 

mitochondrial genome is on average 16,569 base pairs in length and encodes 37 genes; 13 

protein coding, 2 rRNA, and 22 tRNA genes. The mitochondrial genome is less than 1% of 

the human genome, which consists of about 3 billion base pairs and around 25 thousand 
genes (Alberts, et. al., 2015). 

 
Figure 1: Structure of the human mitochondrial DNA (John Wiley & Sons, 2003). 

The double stranded mtDNA circle is formed by a heavy strand (out strand) that is rich in G 

bases and is the light strand (inner strand) that is rich in C bases. The 37 genes found in 

mitochondria encode proteins. These genes have roles in energy production and 

mitochondrial protein synthesis. The longest noncoding sequence of the mtDNA is the D-

loop (Displacement loop), also known as the control region. In that region are two hyper 

variable segments, HVS-I and HVS-II (Figure 1). These hyper variable segments evolve 

faster than other segments on the mtDNA (Jobling, et. al., 2014; Stoneking, 2000). The 

mtDNA sequence evolves 6-17 times faster than DNA sequences in the nucleus. Many types 

of mutations in the mitochondrial DNA are known, such as deletions of single or many base 

pairs, inversions, insertions, and rearrangement (Wallace, et. al., 1995). 

Mutations in the mitochondrial sequence leads to mixture of normal mtDNA and 

mutated mtDNA within an individual, also known as heteroplasmy. This mixture of different 

mtDNA within a cell can increase or decrease during mitosis and meiosis. This can lead to 

mutations fixing in the mtDNA sequence (Wallace & Chalkia, 2013). 
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2.1.1 The mitochondria in research 

Mitochondrial DNA has been popular research material as it has unilateral inheritance, no 

recombination, a high mutation rate and a high copy number in each cell. Thus, 

mitochondrial DNA is useful in human evolutionary research and has been used to trace 

human migration throughout history. When studying human migration, through mtDNA, 

individuals can be traced back through the matrilineal line to their most recent common 

ancestor. This relation is best viewed as a family tree, called phylogenetic tree. These trees 

show evolutionary descendants of material studies, i.e. species or genes, from a common 

ancestor (Baum, 2008). At the base of a tree is the root, for all mtDNA it would be mtEve 

(mt-MRCA). In Figure 2 the root is the top, unlabelled line. The branches of the tree 

represent events in evolution. When looking at mtDNA each branch houses a haplogroup 

with certain mutations that defines it, thus for each branch a new mutation or mutations 

occur. 

 

 
Figure 2: Phylogenetic tree of evolution of human mtDNA haplogroups (McDonald, 2005). 

 

 Mutations, or genetic changes, in the mtDNA occur randomly, but on a large time scale they 

may appear to be relatively stable and tick like clockwork. One new mutation in the entire 

mtDNA molecule happens around every 3624 years on average in the human population. In 

the control region alone the mutation rate is one new mutation every 3533 years. The control 

region includes larger number of positions that are more susceptible to mutations than are 

found in the coding region (Soares, et. al., 2009), possibly beacause of weaker purifying 

selection. 
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3 Historical background 

3.1 The L macro haplogroup 

The L macro haplogroup is normally found in sub-Saharan Africa. The macro haplogroup is 

divided into seven sub-haplogroups, L0, L1, L2, L3, L4, L5, and L6. All haplogroups, these 

seven and all their sub-groups, can be traced to a single woman, called Mitochondrial Eve. 

She most probably lived in South Africa approximately 130 thousand years ago. This woman, 

mitochondrial Eve, was not the only woman living at that time; however her mitochondrial 

DNA is the only one which has been preserved in modern humans. With the knowledge 

about the evolution of mtDNA haplogroups it is possible to trace all haplogroups known 

today back to the L macro haplogroup (Cerný, et. al., 2007; Soares, et. al., 2012). 

  

3.1.1 The L3 haplogroup  

As was mentioned above, the L3 haplogroup split from its sister groups approximately 60 to 

70 thousand years ago and is believed to have originated from Eastern Africa. The L3 

haplogroup is a parent group to all haplogroups outside sub-Saharan Africa, where it split 

into macro haplogroups M and N. All other haplogroups, apart from the L-haplogroups, come 

from M or N (Soares, et. al., 2012).  

The L3* haplogroup (excluding M and N) is the most frequent haplogroup in East 

Africa (about 50%) (Cerný, et. al., 2007). Geographic origin of haplogroup is typically based 

on their frequency in contemporary populations. Between 60 and 35 thousand years ago, 

people carrying the L3 sequences migrated to Central Africa, where haplogroups L3e and 

L3b’d evolved. Haplogroups L3a, L3e’i’k’x, L3f, and L3h evolved Eastern Africa (Figure 3) 

(Soares, et. al., 2012). 

 In early Holocene, Lake Mega-Chad formed in Central Africa. This was the largest 

water body in Africa at the time. This lake provided water and vegetation for travellers and 

eventually became a permanent settlement. As of today there is a great diversity in the 

mtDNA pool of humans surrounding this area. Two haplogroups developed there in situ; 

L3f3 and L3e5. Today the L3f3 haplogroup is mostly found within Chad speaking 

populations (Podgorná, et. al, 2013). 

Figure 3: Distribution of L3 haplogroup throughout Africa in A. Pleistocene and B. Holocene 

(Soares, et. al., 2012). 



 12 

 Where Lake Mega-Chad was in the early Holocene is now called Lake Chad Basin. In 

this area L3e is the most common haplogroup. The L3e5 haplogroup is a sub-group to L3e 

and is the youngest sub-group. The L3e haplogroup dates back about 46 thousand years and 

the L3e5 haplogroup about 11 thousand years (Cerný, et. al., 2007). 

The L3e5 haplogroup is defined by the HVS-I motif of A16041G and C16223T 

transitions when compared to the revised Cambridge Reference Sequence (CRS). One sub-

haplogroup of L3e5 is L3e5a and is defined by the HSV-II motif G13317A. L3e5a emerged 

between 11 and 5 thousand years ago (Cerný, et. al., 2007; Podgorná, et. al., 2013). 

L3e5 is primarily found in western Central Africa around the Lake Chad Basin that 

borders Morocco, Chad, Niger and Nigeria. However, the haplogroup is also found in North 

Africa and arrived there about 7000 years ago through population migration. It is believed 

that as early as 11 thousand years ago a migration of people took place from sub Saharan 

Africa to North Africa, and possibly into Europe. At least 35% of sub-Saharan mtDNA in 

Europe can’t be linked to recent events, such as the slave trade, and therefore it’s more likely 

that the migration took place much earlier (Cerný, et. al., 2007; Podgorná, et. al., 2013). 

The L3e5 haplogroup has only been found in few places outside Africa. Among these 

places are Hungary and Iceland (Cerezo, et. al., 2011), and only one individual in Hungary 

(Cerný, et. al., 2007). In both Iceland and Hungary, the mtDNA sequences belong to the 

L3e5a haplogroup. The L3e5 haplogroup has also be found in Italy, Portugal and Spain. 

Those sequences belong to L3e5b, L3e5d, and L3e5e (Table 5) (Cerezo, et. al., 2011). 

Interestingly, the L3e5 haplogroup has not been found in African Americans, descendants of 

those affected by the trans-Atlantic slave trade, which indicates that the slave trade did not 

reach Lake Chad Basin (Cerný, et. al., 2007).  

 

 

3.2 The Settlement of Iceland 

Iceland was settled around 870-930 AD, and was the last country in Europe to be settled. The 

settlers mostly came from Scandinavia but also from the British Isles. The first settlers made 

up a population of about 400 people and at the end of the age of settlement the population is 

estimated to have risen to 8,000-20,000 (Hjálmarsson, 2007; Helgason, et. al., 2000). 

 Iceland had no permanent inhabitants prior to the settlement, but it is believed that 

Irish hermits came to Iceland prior the Norse settlement. Most settlers came from Norse 

colonies in the British Isles, but also from Denmark, Norway, and Sweden (Smith, 1995). 

Through genetic analysis of the Icelandic population it was found that contemporary 

Icelanders can trace their paternal ancestry through Y chromosome to Scandinavia (75-80%) 

and Scotland and Ireland (20-25%). The maternal ancestry through mtDNA was estimated to 

be around 37% Scandinavian and 63% Irish and Scottish (Helgason, et. al., 2000; Helgason, 

et. al., 2001; Helgason, et. al., 2009). 

 The settlement is well documented. Two main sources are Íslendingabók or Book of 

Icelanders, and Landnámabók or the Book of Settlement (Smith, 1995). 
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3.3 The Turkish abductions in 1627 

Two abductions of Icelanders took place in the summer of 1627. Ships with mostly Algerian 

pirates, from regions ruled by the Ottoman Empire, sailed along the coast of Iceland, starting 

in the east, invaded towns, killed, and abducted people. This event is known in Iceland as 

“Tyrkjaránið” meaning the Turkish raid. In that time, the Icelandic word now used for 

Turkish people was used for the Islamic religion (Helgason, 1995). 

 The first raid was in Grindavík, but the largest raid was in Vestmannaeyjar, an island 

off the south coast of Iceland. There, three ships sailed into the harbour and around 300 

pirates came to shore. They stayed on the island for three days. More than half of the 

population on the island were abducted, mostly healthy men, women and children. Older 

people and those who fought back were killed. In total more than 400 people from Iceland 

were abducted, and dragged into slavery by the hands of the pirates. At that time the 

population in Iceland is estimated to have been around 50 thousand people (Egilsson, 1969). 

 In the fall of 1627 the abducted Icelandic people arrived in North-Africa. The 

Grindavík abductees were sold into slavery in Sale, Morocco. The people from the second 

abduction, from the east towards Vestmannaeyjar, ended up in Algeria where they were sold 

into slavery and some women into marriages. One man, Pastor Ólafur Egilsson, wrote a 

detailed book about his experience in the abductions. He was the first one to be freed and in 

the summer of 1628, a year after the abductions, he returned home to Iceland. He played a 

vital role in freeing part of the Icelanders from slavery in the next ten years (Egilsson, 1969; 

Helgason, 1997).  

 Not many survived and escaped their slavery in Africa, approximately 10% of those 

abducted. In 1637 thirty-four Icelandic people were bought free on the order from Denmark, 

who ruled Iceland at the time. Six of those died on the way back to Denmark, where the 

remaining survivors relearned about Christian religion and most of them returned to Iceland. 

It is known that few other people got back to Iceland, some bought themselves free and some 

were bought and set free (Helgason, 2013). 

 Eighteen years after the abduction eight Icelanders were saved. In that group one 

woman stood out. Her name was Barbara and she had three children with her. The identity of 

her and the children is unknown. The name Barbara was uncommon in Iceland at the time 

and the parentage of the children is a mystery. It is known that they arrived to Denmark but 

more than that is unknown. These three children are the only children recorded to have been 

freed from Africa. That however does not mean that they were the only children freed. It is 

possible that in the group of those rescued was a girl carrying the L3e5a haplogroup and the 

Icelandic L3e5a comes from her (Helgason, 2013; Helgason, 2017).  
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4 Methods 

Iceland has one of the largest genetic databases in the world, containing DNA samples from 

almost half of the population. Iceland also has a large genealogical database that houses 

information of at least 780,000 individuals dating back to 740 AD. Each individual is 

assigned a unique encryption code. Information about each individual consists of gender, date 

of birth and death, as well as codes for parents. This additional information for each 

individual is found in the genealogical database, called Íslendingabók. This database has 
information from many different sources, including censuses and parish registers. 

Prior to this study 74 individuals were found to carry the L3e5a haplogroup and had 

been traced back to five matrilineal ancestors born between 1630 and 1748 AD. As each 

individual has encrypted information that includes parental information. With that it’s 

possible to trace back the maternal line. As explained in the introduction, the L3e5a 

haplogroup is rare in Iceland and is believed to potentially have African origin.    

 

4.1 DNA sequencing 

All sequencing was carried out at deCODE Genetics prior to this study. Whole genome 

sequencing covers the entire human genome. However, some parts of the genome are harder 

to sequence, assemble or analyze than others. This can be seen through poor coverage of 

repeated regions, centromeres, first exons of genes, as well as GC rich sites. Sites that are 

polymorphic have limited coverage.  

 In total 30,220 Icelandic individuals have been whole-genome sequenced at deCODE 

over a period of few years. The whole genome sequencing was performed with Illumina 

technology, with average depth of 30X (for more information see Guðbjartsson, et. al., 2015). 

For whole genome sequencing the process can be split into three parts; library preparation, 

sequencing, and finishing with data analysis. For the sequencing, pair-end libraries were 

prepared according to Illumina, TruSeq
TM

 instructions. DNA samples were isolated from 

frozen blood and buccal samples. 

 The mitochondrial sequences of each individual were aligned to the Revised 

Cambridge Reference Sequence (rCRS) prior to this study (Andrews, et. al., 1999). 

 

4.2 L3e5 haplogroup sequences from literature  

In this study the 74 Icelandic L3e5a sequences were compared to existing sequences of the 

L3e5 haplogroup, as well as sub-haplogroups, from GenBank. Thirty-four complete L3e5 

mtDNA sequences were available as of March 2017 (Table 1). All, except two, were found in 

Africa. Sample EU092959 is from the United States of America, and sample JN214452 was 

the only sample from Europe, found in Hungary. From the Lake Chad Basin area were four 

samples from Nigeria, twelve from Cameroon, four from Chad, and one from Niger. From 

Burkina, Egypt, Libya, and Tunisia one sample was found for each location. Two samples 

were from Sudan, and five samples from Morocco. L3e5a samples were found in Cameroon 

(2), Hungary (1), Libya (1), and Morocco (4). 

 Phylogenetic tree was made for these 34 samples using mtPhyl software tool. For all 

five matrilineal ancestors consensus sequences were made. In these sequences the most 

common variations were used. Then the Icelandic consensus sequences were added to the 

tree to see their placement and estimate relatedness. 
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Table 1: L3e5 sequences found in literature and used in this study. All samples are complete 

mtDNA sequences. All sequences were found at GenBank in March 2017. 

GenBank ID Reference Origin By Country: Ethnic group, 

Region 

Haplogroup 

DQ112757 Kivisild et. al. (2006) Burkina: Mossi L3e5 

DQ341070 Torroni et. al. (2006) Nigeria L3e5 

EU092776 Behar et. al. (2008) Egypt L3e5 

EU092821 Behar et. al. (2008) Libya L3e5a1 

EU092959 Behar et. al. (2008) USA L3e5b 

FJ460533 Costa et. al. (2009) Tunisia L3e5 

JN214452 Cerezo et. al. (2011) Hungary L3e5a 

JN655798 Soares et. al. (2012) Chad L3e5 

JN655822 Soares et. al. (2012) Sudan L3e5 

JN655828 Soares et. al. (2012) Sudan L3e5 

KF358472 Podgorna et. al. (2013) Cameroon: Bulahay L3e5e 

KF358473 Podgorna et. al. (2013) Cameroon: Fali L3e5c 

KF358474 Podgorna et. al. (2013) Cameroon: Fali L3e5c 

KF358475 Podgorna et. al. (2013) Cameroon: Fali L3e5a1a 

KF358476 Podgorna et. al. (2013) Niger: Fulani Balatungur L3e5b1 

KF358477 Podgorna et. al. (2013) Cameroon: Fulani Tcheboua L3e5a1a 

KF358478 Podgorna et. al. (2013) Cameroon: Hide L3e5 

KF358479 Podgorna et. al. (2013) Chad: Kanembou L3e5 

KF358480 Podgorna et. al. (2013) Chad: Kanembou L3e5+12173 

KF358481 Podgorna et. al. (2013) Chad: Kanembou L3e5+12173 

KF358482 Podgorna et. al. (2013) Nigeria: Kanuri L3e5c 

KF358483 Podgorna et. al. (2013) Nigeria: Kanuri L3e5b1 

KF358484 Podgorna et. al. (2013) Nigeria: Kanuri L3e5d 

KF358485 Podgorna et. al. (2013) Cameroon: Kotoko L3e5 

KF358486 Podgorna et. al. (2013) Cameroon: Mafa L3e5b 

KF358487 Podgorna et. al. (2013) Cameroon: Masa  L3e5d 

KF358488 Podgorna et. al. (2013) Cameroon: Masa  L3e5b 

KF358489 Podgorna et. al. (2013) Cameroon: Masa  L3e5b1 

KF358490 Podgorna et. al. (2013) Cameroon: Hide L3e5e 

KT819241 Hernandez et. al. (2015) Morocco: Berber, Asni L3e5 

KT819242 Hernandez et. al. (2015) Morocco: Berber, Asni L3e5a 

KT819249 Hernandez et. al. (2015) Morocco: Berber, Bouhria L3e5a 

KT819262 Hernandez et. al. (2015) Morocco: Berber, Figuig L3e5a 

KT819263 Hernandez et. al. (2015) Morocco: Berber, Figuig L3e5a1 
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5 Results 

5.1 Icelandic haplogroup L3e5a carriers 

At the time when this study was conducted (spring 2017) 30,220 Icelanders had been whole 

genome sequenced at deCODE Genetics. In that group, 74 individuals were found to have 

mitochondrial DNA belonging to haplogroup L3e5a. To date, this haplogroup is found in 

Central and Northern Africa. Only one other complete mtDNA sequence sample has been 

found in Europe, in Hungary. 

 The parent haplogroup to L3e5a is L3e5 and has only recently been described. The 

L3e5 haplogroup is identified by the C150T, A10819G, T2352C, T14212C, G750A, T398C, 

G8392A and A16041G variants. Haplogroup L3e5 has eight sub-groups. Here the focus will 

be on L3e5a that is distinguished from L3e5 by the G13317A variant (Table 2). 

 

 
Table 2: Motifs for the L3e5 haplogroup and sub-groups. Motifs written in bold are unique for each 

group. 

Haplogroup Motif 

L3e5 T398C G8392A A16041G 

L3e5a T398C G8392A A16041G G13317A 

L3e5a1 T398C G8392A A16041G G13317A A2833G 

L3e5a1a T398C G8392A A16041G G13317A A2833G C431A 

 

 

Using the genealogical database, all 74 Icelandic individuals carrying the L3e5a haplogroup 

were traced back to their earliest known matrilineal ancestors, who were found to be born 

between 1630 and 1748 AD. In Table 3 year of birth for all ancestors and MRCA’s can be 

found as well as number of sequenced descendants. Ancestor D is the youngest and it is a 

possibly that she is descendant of ancestor A, B, C or E. Phylogenetic trees for each ancestor 

can be seen in Figures 4 through 8.  

  
Table 3: Year of birth, MRCA and the sequenced descendants for the five Icelandic matrilineal 

ancestors with L3e5a. 

Ancestor Birth year MRCA birth year Number of sequenced descendants 

A 1661 1790 34 

B 1687 1765 5 

C 1630 1766 27 

D 1748 1853 4 

E 1656 1908 2 
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Figure 3: The matrilineal descendants of ancestor A, born in 1661.  
This tree shows all contemporary descendants of MRCA, born in 1790, belonging to ancestor A. Red circles represent those in the deCODE 

genetic database who have been sequenced. Between the earliest ancestor and the MRCA were more than one generation.  
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Figure 4: The matrilineal descendants of ancestor B, born in 1687. 
This tree shows all contemporary descendants of MRCA, born in 1765, belonging to 

ancestor B. Red circles represent those in the deCODE genetic database who have 

been sequenced. Between the earliest ancestor and the MRCA were more than one 

generation. 
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Figure 5: The matrilineal descendants of ancestor C, born in 1630. 
This tree shows all contemporary descendants of MRCA, born in 1766, belonging to ancestor C. Red circles represent those in the deCODE 

genetic database who have been sequenced. Between the earliest ancestor and the MRCA were more than one generation. 
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Figure 6: The matrilineal descendants of ancestor D, born in 1748. 
This tree shows all contemporary descendants of MRCA, born in 1853, belonging to ancestor 

D. Red circles represent those in the deCODE genetic database who have been sequenced. 

Between the earliest ancestor and the MRCA were more than one generation. 
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Figure 7: The matrilineal descendants of ancestor E, born in 1656. 
This tree shows all contemporary descendants of MRCA, born in 1908, belonging to ancestor 

E. Red circles represent those in the deCODE genetic database who have been sequenced. 

Between the earliest ancestor and the MRCA were more than one generation. 
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5.1.1 Geographic analysis of the Icelandic L3e5a haplogroup 

carriers 

The deCODE genealogical database includes individual, and information about their gender, 

date of birth and death, code for parents, and place of birth or residence in Iceland. For 

individuals born before 1900 most information of place of birth and place of residence has 

been sampled through censuses and parish registers. The first census in Iceland took place in 

the year 1703 at the request of Frederic IV King of Denmark, who ruled Iceland at the time. 

Earlier records are known from 1680, when the first census of farmers in Iceland took place. 

Parish registers were obligated in all parishes after 1735, but in some places they go as far as 

1664.  

 The most resent common ancestors of the five matrilines were located in three 

adjacent counties in the north of Iceland, Eyjafjarðarsýsla, South and North Þingeyjarsýsla 

(Figure 9). This limited geographic distribution suggests that all five matrilines may derive 

from an earlier single matrilineal ancestor from that area. 

 

 

 
Figure 9: The geographic location of the five matrilineal ancestors. The yellow county is 

Eyjafjarðarsýsla, the orange country is South Þingeyjarsýsla, and the red county is North 

Þingeyjarsýsla. The letters, A, B, C, D, and E represent each matrilineal ancestor. 
 

 

 

A 
 B 
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       D 

C 
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5.2 Analysis of complete mtDNA sequences 

All 74 sequenced individuals were compared to 34 L3e5 sequences found in GenBank. This 

was done to see whether any specific mutations were only found in the Icelandic sequences 

that could aid in discovering the founding age of the haplogroup in Iceland.  

 The Icelandic sequences had 33 differences compared to the rCRS (Table 4). The 

sequences were all similar, ancestors A, B, D, and E had the same consensus sequence, and 

ancestor C had one unique mutation at position 4820 with G to A substitute. When compared 

to other L3e5a haplogroups, the Icelandic ones had two unique mutations, T16209C and as 

previously mentioned G4820A. The mutation at position 16209 is found in all descendants of 

the five ancestors. This suggests that the mutation occurred before them, thus before the year 

1630 when the earliest ancestor was born. It also suggests that the five matrilines share a 

common matrilineal ancestor and are therefore more closely related to each other than to any 

known L3e5a haplogroup carrier outside Iceland. 

 Descendants of ancestor C all carry a mutation at position 4820. The MRCA of 

lineage C most likely had the mutation as it is found in all branches of the tree. Therefore, it’s 

likely that the mutation occurred before the birth year of ancestor C in 1766.  

 
Table 4: Nucleotide changes found in the Icelandic L3e5a sequences. The nucleotide change at 

base 4820 is unique to descendants of ancestor C. 

Site 1-9000 Nucleotide Change Site 9001-16569 Nucleotide Change 

73 AG 9540 TC 

150 CT 10398 AG 

263 AG 10819 AG 

398 TC 10873 TC 

514 Deletion 11719 GA 

515 Deletion 12705 CT 

1438 AG 13317 GA 

2352 TC 14212 TC 

2706 AG 14766 CT 

3106 Deletion 15301 GA 

3107 TC 15326 AG 

4769 AG 16041 AG 

4820 GA 16209 TC 

5460 GA 16223 CT 

7028 CT 16519 TC 

8392 GA   

8701 AG   

8860 AG   

 
From the two Icelandic consensus sequences were, along with the 34 complete mtDNA 

sequences from literature (Table 1), a phylogenetic tree was estimated (using the mtPhyl 

software), (Figure 10). Along with the Icelandic one, nine sequences belonged to the 

haplogroup L3e5a, as well as its sub-groups. Two of those sequences were from Cameroon, 

one from Chad, one from Hungary, one from Libya, and four from Morocco.  
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 The Icelandic and the Hungarian sequences share a derived mutation at site 5460. 

This mutation is not found in any other L3e5a sequence and suggests that the Icelandic and 

Hungarian samples are of the same origin. Only 274 individuals from Hungary have been 

sequenced (Table 5) and this is the only L3e5a found there. 
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Figure 10: Phylogenetic tree for all complete L3e5 sequences. The Icelandic sequences are number 7 and 8. Origin of samples: (1) JN655798, Chad; (2) KF358477, 

Cameroon: Fulani Tcheboua; (3) KF358475, Cameroon: Fali; (4) KT819263, Morocco: Berber, Figuig; (5) EU092821, Libya; (6) KT819249, Morocco: Berber, Figuig; (7) 

Unpublished, Iceland: ancestors A, B, D & E; (8) Unpublished, Iceland: ancestor C; (9) JN214452, Hungary; (10) KT819262, Morocco: Berber, Figuig; (11) KT819242, 

Morocco: Berber, Asni; (12) EU092959, USA; (13) KF358489, Cameroon: Masa; (14) KF358483, Nigeria: Kanuri; (15) KF358476, Niger: Fulani, Balatungur; (16) 

KF358488, Cameroon: Masa; (17) KF358486, Cameroon: Masa; (18) FJ460533, Tunisia; (19) KF358487, Cameroon: Masa; (20) KF358484, Nigeria: Kanuri; (21) 

DQ341070, Nigeria; (22) KF358472, Cameroon: Bulahay; (23) KF358490, Cameroon, Hide; (24) KF358481, Chad: Kanembou; (25) KF358480, Chad: Kanembou; (26) 

KF358482, Nigeria: Kanuri; (27) KF358474, Cameroon: Fali; (28) KF358473, Cameroon: Fali; (29) JN655828, Sudan; (30) KF358485, Cameroon: Kotoko; (31) 

KF358479, Chad: Kanembou; (32) KF358478, Cameroon: Hide; (33) KT819241, Morocco: Berber, Asni; (34) DQ112757, Burkina: Mossi; (35) JN655822, Sudan; (36) 

EU092776, Egypt. 
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5.2.1 Heteroplasmy found in descendants of ancestor C 

In all sequenced descendants of ancestor C heteroplasmy at site 4820 was found with 

nucleotide G  A change. In most individuals the heteroplasmy was easily detectable, in 

some cases with G:A ratio up to 48:52. The mutation is found in all but three descendants. In 

nine individuals the mutation has fixed to A, but heteroplasmy is found in the rest. 

 This mutation is predicted to have been in the MRCA, as it is found in all branches. 

Either it occurred in the MRCA or in previous generations. As the mutation is still not fixed 

in all descendants suggests that the mutation is fairly recent. 
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Figure 11: Heteroplasmy found in descendants of ancestor C. 
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5.2.2 Frequency of the L3e5a haplogroup 

Statistical analysis was performed to see whether the L3e5 frequency in Iceland differed from 

other countries. This was done by using test of equal or given proportions, with 95 percent 

confidence interval, using the statistical software R. Total number of sequences and of those 

who are carriers of haplogroup L3e5 and its subgroups was found from Cerezo, et. al. 2011 

for Europe, and for Africa from Podgorná, et. al., 2013. The numbers from Iceland were from 

this current study and based on my analysis of number of Icelanders with whole genome 

sequenced data (Table 5).   

 The European sequences were both partial (control region) and complete. Motifs of 

the partial sequences were compared to Phylotree (build 17) and the L3e5 haplogroup 

inferred. All but five partial sequences were believed to belong to L3e5 or its sub-groups, 

those who are not believed to belong to the haplogroup were removed from the dataset.  

Haplogroup L3e5 and its sub-groups in Europe were found in Hungary (1), Iceland 

(74), Italy (3), Portugal (2) and in Spain (1). It was however not found in the British Isles 

(England, Ireland, Scotland and Whales), Germany, France, and in Scandinavia (Denmark, 

Norway and Sweden). 
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Table 5: Frequency of the L3e5 haplogroup, with 95% confidence interval. 

Country Frequency of  

haplogroup 

L3e5 

Total 

number of 

samples 

Number of 

L3e5 found 

Haplogroups 

found 

Reference 

Europe     

England 0.000-0.001 6425 0 
 Cerezo, et. 

al. 2011 

France 0.000-0.002 2534 0 
 Cerezo, et. 

al. 2011 

Germany 0.000-0.001 4367 0 
 Cerezo, et. 

al. 2011 

Hungary 0.000-0.234 274 1 L3e5a 
Cerezo, et. 

al. 2011 

Iceland 0.002-0.003 30,220 74 L3e5a 

Current 

study, 

unpublished 

Ireland 0.000-0.002 1952 0  
Cerezo, et. 

al. 2011 

Italy 0.000-0.001 9994 3 
L3e5b, 

L3e5d 

Cerezo, et. 

al. 2011 

Portugal 0.000-0.006 1442 2  
Cerezo, et. 

al. 2011 

Scandinavia* 0.000-0.004 1326 0  
Cerezo, et. 

al. 2011 

       Denmark 0.000-0.017 271 0  
Cerezo, et. 

al. 2011 

       Norway 0.000-0.007 660 0  
Cerezo, et. 

al. 2011 

       Sweden 0.000-0.012 395 0  
Cerezo, et. 

al. 2011 

Scotland 0.000-0.004 1341 0  
Cerezo, et. 

al. 2011 

Spain 0.000-0.002 3785 1 L3e5e 
Cerezo, et. 

al. 2011 

Africa     

Cameroon 0.027-0.052 935 35 
 Podgorná, et. 

al. 2013 

Chad 0.011-0.059 227 6 
 Podgorná, et. 

al. 2013 

Morocco 0.008-0.037 415 24 
 Podgorná, et. 

al. 2013 

Niger/Nigeria 0.008-0.037 443 8 
 Podgorná, et. 

al. 2013 

Tunisia 0.017-0.055 387 8 
 Podgorná, et. 

al. 2013 
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6 Discussion 

The L3e5a haplogroup found in the Icelandic population is somewhat a mystery. How did a 

haplogroup native to Central and Northern Africa end up in Iceland? Two possibilities could 

explain this. The first one is that the haplogroup spread through Europe after leaving Africa 

and ended up in populations that later settled in Iceland. The second one is that the 

haplogroup arrived well after the settlement period. The most likely scenario is that the L3e5a 

haplogroup arrived in Iceland through the return of children from the Turkish abductions that 

took place in 1627 AD, where more than 400 Icelandic people were abducted and sold to 

slavery, and marriages, to Algeria and Morocco. If the haplogroup spread through Europe 

there is possibility that it is found in small number of individuals and could be detected in 

larger sample size of those sequenced. 

 The L3e5a haplogroup has been found in 74 individuals in Iceland that have been 

traced back to five matrilineal ancestors. These ancestors are known to have lived in three 

adjoining counties in the northern part of Iceland. This, as well as that they all share the 

16209C mutations suggests that they may have originated from a single founder. The 16209C 

mutation has not been found in any other carriers of the L3e5a haplogroup.  

 When looking at the Icelandic sequences compared to 34 international ones (Figure 7) 

there are only nine published L3e5a sequences, as well as its sub-groups. The small sample 

set makes it impossible to accurately pinpoint the place of origin for the Icelandic sequences.  

 The L3e5 haplogroups found in Italy, Portugal and Spain turned out to belong to the 

sub-groups L3e5b and L3e5d in Italy and L3e5e in Spain. The two samples from Portugal 

could not be categorized into sub-groups due to lack of information. These sequences are 

therefore not likely to have shared a recent ancestor with those found in Iceland. 

 As most Icelanders can trace their origin to settlers from Scandinavia and the British 

Isles, mostly Scotland and Ireland, proportions of the haplogroup were predicted there from 

number of all mtDNA sequences from that area. Ireland and Scotland showed L3e5 

frequency numbers of similar range as the Icelandic ones, however no L3e5 haplogroups 

were found there. The same can be said about Scandinavia, there the predicted frequency is 

within similar range, but no samples have found the haplogroup. It is possible that the 

haplogroup arrived in Iceland during or after the settlement period from these places, but it is 

impossible to confirm or deny that. To do so more sequenced samples are needed, as only 

660 sequences (from Cerezo, et. al. 2011) were from Norway compared to 30,220 from 

Iceland.  

 The L3e5 samples found in Europe, excluding the Hungarian one, are all found in 

Mediterranean Europe and are therefore in close proximity to Northern Africa where the 

haplogroup is found, though the haplogroup is the most common in Chad and Cameroon. It is 

impossible to say when individuals with this haplogroup arrived to Europe, and most likely 

they are a relatively new addition into the Mediterranean Europe mtDNA pool. With that in 

mind the L3e5a haplogroup in Iceland is quite unique. To completely determine the origin of 

the Icelandic L3e5a haplogroup more research is needed. Data from older literature may not 

be as accurate as it is today with better laboratory techniques and new methods. As the L3e5 

haplogroup is relatively recently described it may be that it has been assigned different 
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haplogroups in older databases. With whole genome sequencing greater picture of 

mitochondrial DNA history can be unveiled. 

 In conclusion, it is difficult to determine when the haplogroup arrived in Iceland. It is 

also possible that the L3e5a haplogroup was once found in Scandinavia or in the British Isles 

but not in the modern population. The Icelandic sample size is very large compared to other 

nations and with larger sample sizes the haplogroup may be found. Most likely carriers of the 

L3e5a haplogroup arrived in Iceland during the settlement or shortly afterwards, though 

further research is needed to confirm that. 
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