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Abstract

Background: While well known for its Viking past, Norway's population history and

the influences that have shaped its genetic diversity are less well understood. This is

particularly true with respect to its demography, migration patterns, and dialectal

regions, despite there being curated historical records for the past several centuries.

In this study, we undertook an analysis of mitochondrial DNA (mtDNA) diversity

within the country to elaborate this history from a matrilineal genetic perspective.

Methods: We aggregated 1174 partial modern Norwegian mtDNA sequences from

the published literature and subjected them to detailed statistical and phylogenetic

analysis by dialectal regions and localities. We further contextualized the matrilineal

ancestry of modern Norwegians with data from Mesolithic, Iron Age, and historic

period populations.

Results: Modern Norwegian mtDNAs fell into eight West Eurasian (N, HV, JT, I, U, K,

X, W), five East Eurasian (A, F, G, N11, Z), and one African (L2) haplogroups. Pairwise

analysis of molecular variance (AMOVA) estimates for all Norwegians indicated they

were differentiated from each other at 1.68% (p < 0.001). Norwegians within the

same dialectal region also showed genetic similarities to each other, although differ-

ences between subpopulations within dialectal regions were also observed. In addi-

tion, certain mtDNA lineages in modern Norwegians were also found among

prehistoric and historic period populations, suggesting some level of genetic continu-

ity over hundreds to many thousands of years.

Conclusions: This analysis of mtDNA diversity provides a detailed picture of the

genetic variation within Norway in light of its topography, settlement history, and

historical migrations over the past several centuries.
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1 | INTRODUCTION

Norway lies on the western edge of the Scandinavian Peninsula, with

the majority of the country surrounded by water. Norway is also the

longest country in Scandinavia, stretching 1752 km in length, a dis-

tance equivalent to the length of the Netherlands to the center of

Italy (Hervik et al., 1993). Taking into consideration fjords and islands,

the coastline is �83,000 km in total length (Grabbe et al., 2009).
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Topographically, Norway consists of largely mountainous terrain

in the innermost parts of most of the country that is broken up into

valleys and fjords running through the coastal areas. The highest

mountain ranges begin at the horizontal level of Stavanger in the

southwest and extend up to Trondheim in central Norway. This

stretch includes the Jotunheimen mountain range, home to Norway's

highest mountain called Galdhøpiggen at 2469 m (Vistad et al., 2016),

which divides the southern and most populated portion of the country

into eastern and western halves.

After the Fennoscandian ice sheet covering Norway began to

melt during the Last Glacial Maximum �23,000 years ago, Norway's

coastline slowly became inhabited by rich forests and wildlife

(Glørstad et al., 2020; Stroeven et al., 2016). Much of the earliest evi-

dence of human settlement, which dates to 10,000 years ago, comes

from hunting tools and burial sites found from the southeastern Oslo

Fjord all of the way up to Finnmark in the far north

(Bang-Andersen, 2003; Günther et al., 2018). These findings suggest

that the entire coastline was quickly settled by pioneering groups

(Bang-Andersen, 2012), who employed watercraft to move along the

long coastline for hunting and fishing (Helskog, 1985).

Based on recent ancient DNA work, Norway was initially settled

by hunter-gatherers groups migrating into the country from the both

southwest and northeast (Günther et al., 2018). These groups were

later partially incorporated into expanding farming cultures

(Malmström et al., 2015; Skoglund et al., 2012). A major genetic shift

in Norway's population structure occurred after the Viking Age

(750–1050 ACE), and has been described in terms of both genomic

admixture (Margaryan et al., 2020) and changes in mtDNA haplogroup

frequencies (Krzewi�nska et al., 2015). This shift likely resulted from

greater gene flow from the British Isles into modern-day Norway

compared with Denmark and Sweden, which, in turn, was due to more

frequent maritime routes of the western-dwelling Norse to the British

Isles (Margaryan et al., 2020).

These maritime routes continued to shape and influence Norwe-

gian society and culture long after the Viking expansions. Due to its

climate, the economic dependence on natural goods varies by region

in Norway and requires timely ship-based mechanisms to distribute

fresh cargo throughout the rest of the country. The processing and

packaging of fish for export also took place either in or near coastal

towns along routes of great distance. Extending the length of the

western coastline, the Norwegian fisheries industry was dispersed in

scattered longitudinal rural settlements rather than more nucleated

fishing communities as seen in European countries such as Great Brit-

ain, Germany, France, and Denmark (Haaland & Svihus, 2011;

Kleppe, 2014; Wickler & Narmo, 2014). By 1850, nearly all Norwegian

towns west of Lindesnes in Adger County, Norway's southernmost

point, were engaged in the processing and exportation of fish and/or

shipping and shipbuilding (Haaland & Svihus, 2011). The majority of

the country's 3% arable land in Hedmark and Østfold Counties in the

southeast region of Norway was dedicated to growing crops on large

farms (Knutsen, 2019). With sparser forests, the central and northern

parts of Norway have traditionally relied more on fishing

(Knutsen, 2019).

Mass migrations started within Norway around the 1750–1780s

(Svalestuen, 1978; Thorvaldsen, 2019) and boomed in the mid-1800s

when Norwegians no longer needed official permissions to relocate

(Pryser, 1981; Svalestuen, 1978). A large proportion of migrants were

young couples looking for better economic opportunities and to

expand their families. The most comprehensive and most widely men-

tioned wave of internal migrants was that from southeastern Norway

and southern Trøndelag to the Målselv and Bardu valleys southeast of

Tromsø (Thorvaldsen, 2019). Later, between 1750 and 1801, as rural

inland farming populations in the southeast became more over-

populated, people moved from the inland districts to the Oslo Fjord

for better opportunities in agriculture and timber trade (Dyrvik, 1972;

Sølvi, 1979). Similarly, people moved from the inland southeast, west,

and central Norway to the northernmost coastlines for cod and her-

ring fishing opportunities (Niemi et al., 2003). Some Norwegians also

emigrated after famine and poverty spread in the 19th century. How-

ever, the majority could not afford the ship fare and did not want to

enter into indentured servitude relocated within the country itself

(Sølvi, 1979).

The regional distribution of Norwegians is further reflected in

the distinct spoken dialects in those locations, which may have

been influenced by maritime routes and internal migration patterns.

These dialects vary substantially from each other in terms of gram-

mar, syntax, tone, and pronunciation (Skjekkeland, 2005). The

major dialects include Eastern Norwegian (østnorsk), Western

Norwegain (vestnorsk) and Trøndelag in central Norway (trøndersk),

and Northern Norwegian (nordnorsk) (Skjekkeland, 2005; Venås &

Skjekkeland, 2020). During Danish rule (1357–1814), a colloquial

Norwegian-like Danish was spoken widely by Norwegians who

lived in cities and towns. By the first half of the16th century, the

Old Norwegian written language had fallen out of favor and, by the

18th century, Danish grammar, pronunciation, and vocabulary were

preferred or insisted upon over Norwegian in education and the-

ater (Haugen, 1959). During the less restrictive union between

Sweden and Norway (1814–1905), the rise of a unique Norwegian

identity led to the return of Norwegian dialects and lexicon back

into acceptance (Derry, 2012; Haugen, 1959). As a result of this

language history, several elements of the four regional Norwegian

dialects have persisted, with several of their distinctive features

being preserved (Skjekkeland, 2005).

Mitochondrial DNA (mtDNA) has been a frequently studied

source of genetic information for understanding long-term popula-

tion shifts, diversity, and demographic structure. It is a maternally

inherited, nonrecombining DNA molecule at the HVS I region that

evolves at a clock-like rate (Soares et al., 2009), making its invalu-

able for reconstructing populations dynamics based on matrilineal

genetic diversity in human populations. Thus, we investigated

matrilineal variation in Norway by dialect regions, we attempted to

characterize regional mitochondrial DNA (mtDNA) diversity in Nor-

way to determine the influence of dialectal region, subpopulation,

and topography on its distribution in the country. We further

explored the impact of internal historical migrations on the

present-day gene pool.
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2 | MATERIALS AND METHODS

2.1 | Mitochondrial DNA data

Data for a total of 1174 partial mtDNA sequences from modern Nor-

wegians were gathered from various published sources, including

Krzewi�nska, 2014; Opdal et al., 1998; Passarino et al., 2002; Helgason

et al., 2001. This study also included mtDNA sequences from the

GenBank database as of June 1, 2020, that belonged to persons of

Norwegian ethnicity and origin. Specific information about the collec-

tion location or residence within Norway was available for 64% of the

total data set (n = 755). Information about these samples, including

their GenBank accession numbers and the specific tables within the

published sources from which the sequences were obtained, are pro-

vided in Table S1.

In addition, partial mtDNA sequences from 1597 non-related indi-

viduals with matrilineal Norwegian ancestors were incorporated into

this analysis to contextualize the human migration changes within

Norway since the early modern ancestors of the 17th to 20th centu-

ries. The mtDNA sequences were obtained on June 1, 2020, from The

Norway DNA Project (http://www.norwaydna.no), which is a subpro-

ject of the Family Tree DNA database (http://www.familytreedna.

com) containing mtDNA sequences submitted by consenting members

(The Norway DNA Project Group, 2014). Membership is open to indi-

viduals who have a Norwegian background, Norwegian ancestry, or

who live in Norway. Location information was derived from individ-

uals submitting their mtDNA data who had also indicated the local

region of their earliest known matrilineal ancestor (87%; n = 1396),

using The Norwegian National Archives (https://www.arkivverket.no/

). These archives contain annotated information on Norwegians living

from the 17th to the early 20th century that derives from parish

records, census records, and village books. For these reasons, this

Family Tree DNA data set was used as a proxy for ancestral Norwe-

gian populations, and for this reason its constituent members will be

called the “Ancestors.”

2.2 | Geographic and dialectic regions of Norway

MtDNA sequences among Modern Norwegians were localized largely

to cities, which reflects the current locations of most Norwegians,

while mtDNA sequence data among Ancestors were spread through-

out towns, villages, and cities within different counties. For compara-

tive purposes, the specific locations were separated into the following

geographical regions based on the major dialects of Norway: (1) The

Southeast (Eastern Norwegian dialect) region included Ancestors born or

from the settlements of Hedmark, Oppland, Buskerud, Akershus and

Oslo, Telemark, Vestfold, and Østfold Counties. For Modern Norwe-

gians, it compassed the Southeast area of Norway, which largely com-

passes the capital of Oslo, as well as the above-mentioned

neighboring southeastern counties. (2) The West (Western Norwegian

dialect) region included Ancestors born in or from the settlements of

Agder, Rogaland, Hordaland, Sogn and Fjordane (including Førde), and

Møre and Romsdal Counties. For Modern Norwegians, it compassed

Haugesund (within Rogaland county), Bergen (within Hordaland

county), and Førde (within Sogn and Fjordane county). (3) The Central

(Trøndelag Norwegian dialect) region included Ancestors born in or from

the settlements of South-Trøndelag and North-Trøndelag Counties.

For Modern Norwegians, this region compassed Trondheim, where

samples were taken at St. Olav's Hospital and the population consists

of individuals residing in North-Trøndelag County. (4) The North

(Northern Norwegian dialect) region included Ancestors born in or from

the settlements of Nordland, Troms, and Finnmark Counties. For Mod-

ern Norwegians, it compassed the same counties.

2.3 | Ethics statement

This study is based on open-access and publicly available data sets.

The respective studies from which these data derive have gone

through standard protocols to obtain informed consent from partici-

pants, clearance, and approval from the respective ethics committees

for sample collection and analysis, as outlined in the associated

publications.

2.4 | Phylogenetic and statistical analysis

All mtDNA sequences were delimited to reads between nucleotide

positions (np) 16,024 to 16,383, that is, the first hypervariable region

segment (HVS1) of the mtDNA control region (CR). The HVSI mtDNA

sequences were then aligned against the Reconstructed Sapiens Ref-

erence Sequence (RSRS), which allows for naming and mapping of the

mtDNA haplogroups from an ancestral base (Behar et al., 2012) using

MAFFT version 7 (Katoh & Standley, 2013).

Haplogroup classifications of the HSVI sequences were made

with HaploGrep2 (Weissensteiner et al., 2016), which uses PhyloTree

Build 17 as its reference (van Oven & Kayser, 2009). Haplogrep2 com-

putes the haplogroup classifications on pre-calculated phylogenetic

weights that correspond to the occurrence per position in Phylotree

Build 17 (http://www.phylotree.org), which, in turn, reflects the muta-

tional stability of a variant.

Haplogrep2 classifications were verified using a maximum likeli-

hood (ML) phylogeny for the unique haplogroups using IQ-TREE

1.6.12 software (http://www.iqtree.org) (Nguyen et al., 2015). The

phylogeny was constructed under the general time-reversible nucleo-

tide substitution model with a proportion of invariant sites (TPM3u

+ F + I + G4) which was inferred in jModelTest (https://github.com/

ddarriba/jmodeltest2) as the best fitting model. This tree was then

updated to take into account back mutations, (point mutations that

revert to the ancestral state) and noncontinuous mutations in accor-

dance with PhyloTree, Build 17 (van Oven & Kayser, 2009). Accord-

ingly, we ignored hot-spot mutations such as cytosine (C) insertions/

deletions at position 16,193, and expansions of cytosomes that affect

the number of adenosines at positions 16,182 and 16,183, because

these common polymorphisms are also excluded from Phylotree, are
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not diagnostic for a particular haplogroup assignment, and may lead to

inaccuracies in algorithmic predictions of phylogenetic organization.

DnaSP 5.10.01 (Librado & Rozas, 2009) was used to calculate the

basic parameters of genetic diversity. The analysis of molecular vari-

ance (AMOVA) was carried out using Arlequin 3.5.2.2 (Excoffier &

Lischer, 2010) and R (R Core Team, 2018). The statistical significance

of fixation indices (Fst) and their respective p-values was estimated by

permutation analysis (10,000 permutations) assuming a Tamura-Nei

(1993) model with a gamma distribution of 0.26. Comparisons of hap-

logroup frequencies between geographic or dialectic regions were

conducted using a Chi-square or Fisher's exact test, where

appropriate.

The structuring of mtDNA sequence diversity by geography was

assessed through the analysis of Fst values with multidimensional

scaling (MDS), using the PAST v.2.17b software (Hammer

et al., 2001). All analyses were conducted by location listed in the

public data sets. Locations were combined into the four main dialect

regions of Norway—North, Central, West, and Southeast (Venås &

Skjekkeland, 2020)—for both the Ancestor and Modern Norwegian

data sets, as outlined above.

F IGURE 1 Phylogenetic network of maternal lineages represented by mitochondrial DNA. (mtDNA) haplogroups among present-day
Norwegians. The white circles indicate haplogroups not found among the Norwegian data. The thick black borders around haplogroups indicate
the representation among late Iron Age inhabitants of Norway (Krzewi�nska et al., 2015). The yellow circle indicates haplogroup representation
from Mesolithic inhabitants of Norway, as sequenced by (Günther et al., 2018). Back mutations are indicated with an exclamation mark (!) and
two exclamation marks (!!) indicate a double back mutation. Noncontinuous mutations that do not follow through all subsequent haplogroups are
indicated in parentheses. Mutations outside of the np16,024–16,383 region that support some regions of the tree are indicated in italics
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To estimate population growth over time, we generated a Bayesian

skyline plot (BSP) using BEAST 1.10.4, cross-platform program for Bayes-

ian analysis of molecular sequences, (Suchard et al., 2018) with gamma

distributed rates (Drummond et al., 2005; Soares et al., 2012; Suchard

et al., 2018). Briefly, each Markov chain Monte Carlo (MCMC) sample

was based on a run of 10 million generations sampled every 1000 steps,

of which the first 1% was discarded to allow for burn-in. The mutation

rate of 1.64 � 10�7 (Soares et al., 2009) was used to convert substitu-

tion rates into years (x-axis) and coalescent intensities into effective pop-

ulation sizes (y-axis) (Drummond et al., 2005). BEAST outputs were

visualized with the Tracer v.1.7.1 program (Rambaut et al., 2018). The

BSP analysis was restricted to the database for contemporary Norwe-

gians because the information for the Ancestors' sequences from Family

Tree DNA did not specify the individuals' modern familial residence

(whether inside or outside Norway).

3 | RESULTS

3.1 | Distribution of Norwegian maternal lineages.

In this study, a total of 1174 Modern Norwegian HVS1 sequences

were analyzed. Among them, 151 unique haplogroups were identified

based on the Phylotree Build 17 nomenclature (Figure 1). These

haplogroups fell into eight West Eurasian (N, HV, JT, I, U, K, X, W),

five East Eurasian (A, F, G, N11, Z), and one African (L2) major

haplogroups. Overall, 98.4% (n = 1155) of Norwegians had a mtDNA

that belonged to a West Eurasian maternal lineage.

As can be seen in the haplogroup network displayed in Figure 1, a

large number of Modern Norwegian mtDNAs belonged to

haplogroups H, J, and U, similar to what has been seen for other

northern and western European populations, including the studies on

Norwegian mtDNA diversity used in this paper (Helgason et al., 2001;

Krzewi�nska, 2014; Lembring et al., 2013; Li et al., 2014; Passarino

et al., 2002). We also noted that the mutational signature of the U5a1

haplotype (16129G, 16187C, 16189T, 16192T, 16223C, 16230A,

16256T, 16270T, 16278C, and 16311T) appearing in this network

was also found in the mtDNA of a Mesolithic individual analyzed by

(Günther et al., 2018), while sequence motifs for haplogroups HV0,

H5, H6, H20, H, H1a, H1a1, H2a1, I2a, J, J1b1a1, J1b1a1a, T2b,

U5b1b1a3, and U5b1b1a in contemporary Norwegians were also

detected in Iron Age individuals analyzed by Krzewinska and co-

workers (Krzewi�nska et al., 2015).

These results were not unexpected. Recent analysis of the geno-

mic makeup of Viking Age Scandinavians (793–1066 CE) reflected

gene flow from other European populations, as well as primarily

genetic ancestry from populations preceding the Iron Age (500 BCE–

800 CE) (Margaryan et al., 2020). While further analysis is needed to

determine whether the observed similarity of the polymorphisms

extends further to include whole mitogenomes, these findings

suggested that certain haplogroups have been present in the region

for many thousands of years.

Of the Modern Norwegian samples, 64% were localized to spe-

cific dialectal regions of Norway, whereas 36% could not be localized

to any specific region. Nevertheless, the proportion of major

haplogroups among those with no locations was similar to the

TABLE 1 Distribution of major
mtDNA haplogroups by major dialectal
region in Norway among Norwegians

Southeast West Central North No locationa Total

n = 225 n = 257 n = 268 n = 5 n = 419 n = 1174

Hg n % n % n % n % n % n %

A 1 0.44 0 0 0 0 0 0 0 0 1 0.09

F 0 0 0 0 1 0.37 0 0 0 0 1 0.09

G 1 0.44 0 0 0 0 0 0 0 0 1 0.09

H 113 50.22 119 45.92 94 35.07 1 20 185 44.15 512 43.6

HV 7 3.1 5 1.95 14 5.22 1 20 13 3.11 40 3.42

I 7 3.11 5 1.95 2 0.74 1 20 15 3.58 30 2.57

J 17 7.55 28 10.89 54 20.16 0 0 50 11.93 149 12.69

JT 2 0.89 0 0 0 0 0 0 0 0 2 0.17

K 10 4.43 10 3.9 20 7.46 0 0 22 5.25 62 5.3

L 0 0 0 0 0 0 0 0 1 0.24 1 0.09

N 2 0.88 3 1.17 4 1.5 0 0 3 0.72 12 1.03

T 19 8.44 16 6.23 23 8.57 0 0 41 9.78 99 8.43

U 39 17.33 53 20.63 44 16.78 1 20 67 16 204 17.41

V 2 0.88 2 0.78 8 2.99 1 20 11 2.63 24 2.06

W 3 1.33 9 3.5 1 0.37 0 0 6 1.43 19 1.63

X 1 0.44 3 1.17 2 0.74 0 0 3 0.72 9 0.79

Z 1 0.44 4 1.56 1 0.37 0 0 2 0.48 8 0.68

Note: All mtDNA sequences were analyzed between np 16,024 and 16,383.
aIndividuals for whom a geographic place of origin was not listed.
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proportions for Norwegians, overall (Fisher's p = 0.20). As a result,

the individuals with no location were deemed to be representative of

Norway as a whole. Accordingly, the mtDNA gene pool of Norwe-

gians is defined, predominantly, by haplogroups H (44%), U (17%), J

(13%), T (8%), K (5%), I (3%), HV (3%), V (2%), and W (2%), while all

other haplogroups were present at 1% or less. These frequencies are

similar to what was reported in the studies from which these data

were obtained (Helgason et al., 2001; Krzewi�nska, 2014; Passarino

et al., 2002).

Haplogroup distribution varied by dialectal region. Haplogroup H

was most frequent in the Southeast dialectal region (50%) and least

frequent in the Central dialectal region (35%) (χ2 = 14.06; p < 0.001)

(Table 1). Haplogroup J appeared at the highest frequency in the Cen-

tral dialectal region (20%) and the lowest in the Southeast dialectal

region (8%) (χ2 = 15.74; p < 0.001). In the Central dialectal region, the

haplogroup T occurred at the highest frequency (9%) and the lowest

in the West dialectal region (6%), although this difference was not sta-

tistically significant (χ2 = 0.33; p = 0.56). Since only five individuals

derived from the North dialectal region, the small sample size did not

allow for any effective estimate of haplogroup frequencies there.

Additional haplogroup detail for these mtDNA sequences are pro-

vided in Table S2.

A comparison of the distributional differences among the Modern

population compared with the Ancestral population is displayed in

Figure 2. Most noticeably, the frequency of haplogroup H in the

Ancestral population was higher than in the Southeast dialectal region

and lower in the North region (χ2 = 11.31, p < 0.001). Although the

difference in the frequency of haplogroup U between the North and

F IGURE 2 Comparison of mtDNA haplogroup distribution among ancestral populations of Norway (17th–20th century) versus the modern
population by dialect region. The map of Norway is modified from a public domain map found at: https://en.wikipedia.org/wiki/Counties_of_
Norway#/media/File:Nye_fylker_-_regjeringen.no.svg
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Southeast region was not statistically significant (χ2 = 2.6, p = 0.11),

haplogroup U5 appeared at high frequency in the North (for which

92% of the U mtDNAs belong to U5) compared to the Southeast

(χ2 = 7.35, p = 0.007) region. The North was distinct from the other

regions in the terms of the higher frequency of haplogroup V

(χ2 = 11.31, p < 0.001), although haplogroups I and HV occurred at

similar frequencies in the Ancestral North compared to the other

regions (both p > 0.05).

3.2 | Genetic diversity and differentiation.

Overall, the level of genetic variation among Norwegian mtDNA

was similar to that seen in other European populations, with about

50% being belonging to haplogroup H and the majority of the rest

to other sequences consisting of other West Eurasian lineages

described (Côrte-Real et al., 1996; Li et al., 2014; Richard

et al., 2007). Summary statistics with the parameters of genetic

diversity for Norwegians sorted by dialectal region are shown in

Table 2. The HVSI sequences in Norwegians comprised 268 distinct

haplotypes defined by 131 variable sites being identified among

1174 individuals. The mean number of nucleotide differences was

3.18, with the Central and West dialectal regions having the

highest values (3.52 and 3.16, respectively). Similar values of haplo-

type and nucleotide diversity among Norwegians were noted in all

dialect regions, except the North, for which only five individuals

were identified. Each region also had Tajima's D that was consis-

tent with a recent population expansions.

F IGURE 3 Multidimensional scaling plot of mtDNA diversity from specific locations in Norway (a) historical counties of Norway that represent the

location of the ancestors' maternal lineages obtained from family tree DNA are in colored dots. Locations in black italics represent areas from which
mtDNA data have been obtained among contemporary individuals. (b) A MDS plot of inter-population pairwise Fst values calculated from mtDNA HVSI
sequences, with a magnified view of the center coordinates. Coordinates 1 and 2 for the modern populations are as follows: Møre and Romsdal (0.55,
�0.12), Nordland (�0.13, 0.21), and Finnmark (0.46, 0.55). These points have not been included as the small sample sizes are not representative of
mtDNA diversity in these regions and skews the overall plot to present these regions as false outliers

TABLE 2 Diversity indices for Norwegian subpopulations based on mtDNA HVS1 sequences

Population
Samples
(n)

Haplotypes
(h)

Variable
sites (s)

Haplotype
diversity (hd)

Nucleotide
diversity (Pi)

Mean # of nucleotide
differences (k)

Tajima
D's

p-value for
Tajima's D

Southeast 225 106 81 0.9271 0.00958 2.971 �2.41 p < 0.01

West 257 86 69 0.9192 0.01019 3.159 �2.09 p < 0.05

Central 268 81 69 0.9334 0.01134 3.517 �2.05 p < 0.05

North 5 4 4 0.9 0.00519 1.6 �1.18 N.S.

No

Location

419 142 94 0.9207 0.01004 3.082 �2.27 p < 0.01

Total 1174 270 131 0.938 0.01026 3.182 �2.35 p < 0.001

Note: “N.S.” indicated “not significant.”
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3.3 | Inter-population relationships by locality and
dialectal region

Using mtDNA data from Norwegians who had submitted information

about the geographic location of their earliest matrilineal ancestor

from The Norway DNA Project, we plotted these locations and those

for modern Norwegians onto the county map of Norway (Figure 3a).

Estimation of pairwise Fst values from HVSI sequences by specific

Norwegian counties showed similarities between the locations for the

Ancestral and Modern individuals (Table S3). When comparing the Fst

values for Modern cities were compared to those of the Ancestral

counties, the extent of differentiation between them was low: Bergen

vs. Hordaland (Fst = 0.0137; p = 0.05); Førde versus Sogn and

Fjordane (Fst = 0.0177, p = 0.08); and Haugesund vs. Rogaland

(Fst = 0.0050; p = 0.95). The exception was Askerhus and Oslo com-

pared with the modern Southeast (Fst = 0.0092; p = 0.03).

The Ancestral and the Modern Norwegian mtDNA data sets were

subjected to AMOVA to determine the influence of geography and

language on mtDNA diversity. The results pointed to generally low

levels of population differentiation among Norwegians in different

subpopulations (Fst = 1.68%, p < 0.001) (Table S4). This analysis also

showed that there was modest genetic differentiation by large dialec-

tal regions (0.41%, p < 0.001) as well as subpopulation (0.81%;

p < 0.001). Most of the differences came from Ancestral Finnmark,

which had moderate genetic differentiation, followed by Ancestral

Agder and Modern Førde (Table S3). In fact, the pattern of mtDNA

diversity in Ancestral Finnmark differed significantly from that of all

other Norwegian counties and Modern cities, with pairwise Fst values

ranging from 0.05 to 0.1 with p-values <0.001.

To visualize the genetic relationships between different Norwe-

gian populations, an MDS plot was constructed using the pairwise Fst

values estimated for each of the Norwegian subpopulations

(Figure 3b). The results showed that the majority of Norwegian

counties were genetically similar, and that Norwegians with ancestry

from the counties of the Southeast and Central regions had similar

mtDNA backgrounds.

The Ancestral and Modern Norwegian populations were also

partly differentiated to some degree based on the four major dialectal

regions of the country (Figure 4a,b; Table S5). In general, the Ancestral

populations tended to cluster closely toward the center of the plot,

while there were greater levels of separation between Modern

populations. Notably, the Southeast Modern and Ancestral

populations had the lowest pairwise mtDNA distances relative to the

other regions of Norway to each other (Fst all 0.0050–0.0118)

(Table S5). The Modern West population was distinct from the Ances-

tral West (Fst = 0.0078; p < 0.000). The Modern West population

was differentiated from the Ancestral Southeast (Fst = 0.0119;

p < 0.001), but had a lower Fst value relative to the Modern Southeast

(Fst = 0.0052; p = 0.04). These findings suggest recent changes in the

distribution of maternal lineages over the past few centuries that have

made the Modern West less dissimilar to the Modern Southeast. By

contrast, the Central Modern and Ancestral populations were not sig-

nificantly different from each other (Fst = 0.0064; p = 0.13). The

North Ancestral population further differed from all other regional

F IGURE 4 Influence of linguistic subdivisions on mtDNA diversity in Norway. (a) Black line divisions indicate the four general dialectal
regions of Norway (north, central, southeast, and west). (b) MDS plot of inter-population pairwise Fst values calculated from mtDNA HVSI
sequence data based on the four dialectal regions of Norway. mtDNA of descendants of historical regions (the ancestors) (capitalized gray font)
and modern individuals and their current location in Norway (italicized black font)
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populations (p < 0.001), except for the Modern North, from which it

could not be differentiated due to its small sample size.

3.4 | Demography of Norwegian mtDNAs

To better understand the historical demography of the Norwegian

population in terms of changes in the effective population size related

to coalescent events, a demographic model with Bayesian analysis

was conducted using the 1174 Modern samples (Figure 5). The x-axis

shows the time from the present in units of thousands of years, and

the y-axis is equal to Ne�μ, the product of the effective population size

and the HVSI mutation rate calculated by Soares and colleagues

(Soares et al., 2009). In this Bayesian skyline plot (BSP), the thick solid

line represents the median posterior effective population size through

time, while the thin lines show the 95% highest posterior density

limits.

As seen in this BSP the effective population size (Ne) slowly

grew from about 35 kya and then stabilized around 12 kya as the

inland ice sheets began melting at the end of the Late Glacial

Maximum (Glørstad et al., 2020). The earlier period of population

growth likely corresponds to the initial settlement of the

European continent by anatomically modern humans. The popula-

tion size then increased again around 6 kya, which corresponds

to the late Neolithic period when agriculture expanded into Nor-

way (Hjelle et al., 2006). The population further increased from

2.5 to 1.6 to kya (or around 300 to 400 CE) during the Late Bro-

nze Age, when the proto-Norse runic alphabet was established

(Imer, 2011).

The BSP appears to slightly overestimate the effective population

size based on this data set. However, this result is well within the

uncertainty admitted by the 95% hypothetical posterior density limits

(and may well be due to the stochastic error associated with this par-

ticular simulation). The growth projection was also similar to the BSP

estimated from Danish mtDNA sequences using similar methodology

(Li et al., 2014).

4 | DISCUSSION

We analyzed mtDNA HVS1 sequences from different Norwegian sub-

populations delineated by dialectal region and geography to investi-

gate the source of their matrilineal descent and to identify genetic

differences that might be related to population movements. Overall,

the Norwegian matrilineal gene pool is represented by a diverse set of

mitochondrial lineages that belong primarily to eight West Eurasian

haplogroups, which are distributed differently in various regional

areas. Our findings indicate that Norwegian mtDNA diversity was

modestly influenced by geography, and to lesser extent by language

(dialect region).

While Norwegians share many maternal lineages in common,

their subpopulations differed slightly from each other in regions linked

to known maritime routes around the perimeter of the country rather

than latitudinal land-traversing routes. The differences between oth-

erwise closely located regions (e.g., the Ancestral West Norway versus

Ancestral Southeast Norway, which were significantly different,

p < 0.001) were likely shaped by the geographic barrier of tall moun-

tain ranges that prevented frequent close contact between the two

F IGURE 5 A Bayesian skyline plot (BSP) of Norwegian mtDNA sequences. A mutation rate of 1.64 � 10�7 was used to convert substitution
rates into years (x-axis) and coalescent intensities into effective population sizes (y-axis)
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regions. As a result, there are genetic similarities between several set-

tlements located along the country's longitudinal coastline that would

have been otherwise difficult to reach by land due to the numerous

fjords that separate them.

The mountainous regions and fjords that topographically separate

regions of Norway have led to maritime travel becoming an essential

component of human movements within the country. Maritime activi-

ties have molded the development of Norwegian culture and society

for many millennia. The importance of marine vessels is reflected in

their appearance in early rock art found all over Norway (Ballard

et al., 2004; Bjerck, 2012; Ljunge, 2015). While recent archaeological

evidence indicates that, by 6180–6680 cal yr BP, people sometimes

traveled through the Jotunheimen Mountains that separate the West

from the Southeast (Pilø et al., 2020), this travel was likely restricted

to the winter months when bogs and streams were frozen over. Ships

were also clearly crucial for the Norse expansion during the Viking

Age (Østmo, 2003). Moreover, the mid-19th century “golden age” of

sailing vessels has been recorded as being a catalyst for major timber

and fishing-based economic activities within in Norway that led to

eventual economic prosperity (Fischer & Nordvik, 1987; Haaland &

Svihus, 2011).

Given its geographical barriers, Norwegians maintained remark-

able contact across long distances through maritime travel. The terms

“Norway” and “Norwegian” had been in use since at least the 9th

century by the Viking Age seafarer Ottar from Hålogaland (in the

North), and the petty kingdoms of Norway had been politically unified

as a single entity by the 11th century (Bagge, 1995; Larsen, 1950), rel-

atively earlier than other countries of similar size in Europe. Maritime

routes remained the primary mode of trade and transportation until

the use of motorized vehicles became popular in Norway in the early

20th century (Jentoft & Finstad, 2018) and railway networks

expanded, with the Bergen line (Bergenbanen) in the West reaching

the inland Southeast in 1909 (Haaland & Svihus, 2011). More recent

more routes of modern travel may have led to closer genetic similari-

ties between the western city of Bergen and the southeastern city of

Oslo in the modern data set.

The detailed locality analyses indicate that Norwegian subpopula-

tions are genetically similar, while Norwegians from Finnmark, and to

a lesser extent, Agder and modern Førde, appear to have become

moderately differentiated. The observed level of dissimilarity between

these regions is similar to what had been reported for Y-chromosome

(paternal) lineages in Norwegians (Dupuy et al., 2006). Dupuy

et al. (2006) reported regional variation in Y-chromosome variation

for Finnmark (north), Sogn and Fjordane (west), and Agder (south), and

indicated that these three areas had the highest degree of dissimilar-

ity. While men were more often the migrants who traveled long dis-

tances in Norway (Thorvaldsen, 2019), parish registers indicate that

many migrations also involved young couples who had given birth to

children only after moving to a new locality (Svalestuen, 1978;

Thorvaldsen, 2019). By 1920, it was as usual for women as men to be

migrants within Norway (Thorvaldsen, 2019).

Some of the observed regional differences may be explained by

specific internal migration patterns. First, the difference between

Finnmark and other Norwegian regions may be due to its geographical

isolation for many centuries. Norwegians have been living in the

northernmost parts of the country since at least the 14th century

(Opsahl, 2020). However, the population was scattered along coastal

areas, and the region was also occupied by the Saami, an indigenous

people in Norway that had been seasonally nomadic until the late

19th century (Ahren, 2004). Interestingly, Norwegian Saami

populations contain a higher proportion of U5b1b mtDNAs than Nor-

wegians (Dupuy & Olaisen, 1996; Tambets et al., 2004). However,

Krzewinska et al. detected this haplogroup in two individuals from the

Late Iron Age who had received a Norse burial, suggesting that some

Saami individuals may have been assimilated or accepted into Norse

society as early as the 10th century CE (Krzewi�nska et al., 2015).

It is worth noting that the Fst value of dissimilarity among Norwe-

gians of Ancestral Finnmark are lower than those of Norwegian Saami

population. The Fst values in the order of 0.2 (all p < 0.05 for Bergen,

Oslo, Førde and Trøndelag) (Saami as reported by Krzewi�nska, 2014)

vs. 0.1 (all p < 0.001 for the same regions) (Norwegian Finnmark in

this study). No Norwegians in our study nor in the study by

Krzewi�nska, 2014 had Fst values above 0.2. Thus, while the northern

Finnmark subpopulation was somewhat more genetically dissimilar to

all other Norwegian subpopulations, the level of genetic dissimilarity

is higher among the Norwegian Saami, who also live in the north but

who have a distinct history and migration patterns (Tambets

et al., 2004).

In the 1780s, a mass movement of settlers from the southern to

the more northern regions of Norway was encouraged by the

appointed bailiff in order to take advantage of fishing opportunities

there (Thorvaldsen, 2019). Involving some 1000 individuals, this

northward migration continued until the 1830s, when the introduc-

tion of potato farming and smallpox vaccination made southeastern

and western Norway more hospitable and prosperous (Gjerde, 1989;

Tryland, 2001).

A second and more recent migration is the movement of rural

farming populations to city locations in the southeast. Our analysis of

modern (primarily urban-located) Norwegians in Oslo and each of the

surrounding farming areas, namely, Oppland, Hedmark, and Buskerud,

show strong genetic similarities, and suggest that migration from the

inland to the coastal southeast during industrialization contributed

their genetic make-up. In addition, the economic opportunities within

the capital of Oslo have attracted populations from the entire country,

which reflected in the diversity of mtDNA haplogroups represented in

the area and has continued to the present day. According to the

National Statistics Bureau archives, Oslo has had a positive net migra-

tion rate (i.e., once Norwegians migrate to Oslo, they tend to settle

there permanently), as well as the highest overall migration rate within

the country since at least 1966. By contrast, those in northern Nor-

way as well as the rural southeastern areas of Hedmark and Oppland

Counties have had negative net migration rates (Longva, 2000). In the

south of Norway, Agder County's dependence on shipbuilding and its

strategically located southern fishing shores may have kept that part

of the country more independent and isolated from the rest of the

southeastern regional area (Gjerde, 1989) and more connected with
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the fishing coasts of the southwest. Much of the Norwegian popula-

tion today still lives in or near coastal cities, in particular Oslo, Bergen,

and Trondheim (Statistics Norway: Statistics Central Bureau, 2020).

A third and different pattern was found for the western part of

Norway. While the haplogroup composition of Ancestral populations

from Sogn and Fjordane is like other counties of the West, modern

Førde has become more heterogeneous over time. According to cen-

sus records, 17.2 per 1000 individuals from the Sogn municipality

emigrated to America yearly from 1856 to 1865, with a total of 6430

emigrants leaving Norway during this period (Gjerde, 1989;

Svalestuen, 1978). By 1905, 40% of Sogn and Fjordane inlanders had

left for the US, while 20%–30% left in the central parts of Sogn and

Fjordane (Gjerde, 1989; Østrem, 2015). As population growth out-

paced the available food supply, many Norwegians in the western part

of the country were lured by the possibility of owning arable farmland

in the northwestern United States that could not be offered in the

western Norway (Gjerde, 1989). After Ireland, the second largest

number of immigrants to the US and the majority came from Norway,

in particular the north-central part of the West (Gjerde, 2007).

We found that the modern Førde population was not significantly

different from Ancestral Sogn and Fjordane (p = 0.08). Nevertheless,

the loss of some maternal lineages may have widened the difference

between modern Førde and other Norwegian subpopulations over

time. Indeed, the uniqueness of Sogn and Fjordane had been reported

based on both Y chromosome variation (Dupuy et al., 2006) and the

higher proportion of the Kell (K+) blood group (Kornstad, 1997). In

addition, the uniqueness of modern-day Førde may be due to the nat-

ural boundaries of the region (Krzewi�nska, 2014), with the highest

peak of Jotunheimen being located at this county's eastern border.

On a larger time scale, our phylogeographic analysis pointed to

some founder maternal lineages that are still shared by Norwegians

from the earliest inhabitants of the Mesolithic era 9000 BP and Late

Iron Age (500 to 1050 CE) (Günther et al., 2018; Krzewi�nska

et al., 2015). The frequency of these haplogroups among the current

Norwegian population has changed modestly over time, with slightly

higher frequencies of U and K but slightly lower frequencies of H and

J (Krzewi�nska et al., 2015). Furthermore, the early infiltration of

Orkney, English, Scottish, Irish, and other Scandinavian lineages

through slave trading since the Viking expansion has been reported

by Krzewi�nska et al. (2015), who also showed their continued genetic

affinities among the samples from Haugesund, Bergen, Førde, and

Trondheim (Krzewi�nska, 2014).

In more recent times, the diversity of haplogroups among ethnic

Norwegians shows a modest expansion. All of the haplogroups pre-

sent in the Modern Norwegian population were also present among

the Ancestor Norwegian population as expected, except for

haplogroups N11 and F2a, which are present at low frequency within

the Modern population. Because these mtDNAs belong to East Eur-

asian haplogroups, their presence is likely due to recent immigration

of people from regions in which these maternal lineages are more

common, that is, South-East Asia. In addition, haplogroup L2, the only

maternal lineage of African origin, found both our study and that of

Passarino et al., (2002), also appears among one participant in The

Norwegian DNA Project (not included in this analysis) and is associ-

ated with an individual from the Dominican Republic who arrived in

Norway in 1860. A haplogroup L2 mtDNA also appears in the

Hordaland Ancestor population in an individual with a Norwegian first

name and surname. Thus, L2 mtDNA was introduced into Norway by

early immigrants. Conversely, G2a1 and Z1a, which are both

haplogroups of East Eurasian origin, have been present among Nor-

wegian Ancestors since at least the 1600s and likely entered the pop-

ulation during recent prehistory. Haplogroup G2a is also present in

similarly low frequencies among populations of Central and Eastern

Europe, while haplogroup Z is present at about 4% to 7% among

Saami populations (Ingman & Gyllensten, 2007; Mielnik-Sikorska

et al., 2013; Tambets et al., 2004).

In conclusion, our study provides an extensive survey of mtDNA

haplogroup distributions among Norwegians. It reveals the importance

of geographic regions as boundaries of gene flow among a people

deeply influenced by Norway's topography and maritime travel

around the country. The study also serves as a comprehensive frame-

work for understanding how the pattern of genetic variation in the

Norwegian population has been shaped by major historical events

over several generations. Further studies of Norwegian maternal line-

ages, specifically those focusing on mitogenome sequence variation,

will provide a more comprehensive evolutionary portrait of Norwe-

gian population history, demography, and migration.
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