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Abstract

expected maternal contribution from those regions.

Background: The trans-Atlantic slave trade dramatically changed the demographic makeup of the New World,
with varying regions of the African coast exploited differently over roughly a 400 year period. When compared to
the discrete mitochondrial haplotype distribution of historically appropriate source populations, the unique
distribution within a specific source population can prove insightful in estimating the contribution of each
population. Here, we analyzed the first hypervariable region of mitochondrial DNA in a sample from the Caribbean
island of Jamaica and compared it to aggregated populations in Africa divided according to historiographically
defined segments of the continent’s coastline. The results from these admixture procedures were then compared
to the wealth of historic knowledge surrounding the disembarkation of Africans on the island.

Results: In line with previous findings, the matriline of Jamaica is almost entirely of West African descent. Results
from the admixture analyses suggest modern Jamaicans share a closer affinity with groups from the Gold Coast
and Bight of Benin despite high mortality, low fecundity, and waning regional importation. The slaves from the
Bight of Biafra and West-central Africa were imported in great numbers; however, the results suggest a deficit in

Conclusions: When considering the demographic pressures imposed by chattel slavery on Jamaica during the
slave era, the results seem incongruous. Ethnolinguistic and ethnographic evidence, however, may explain the
apparent non-random levels of genetic perseverance. The application of genetics may prove useful in answering
difficult demographic questions left by historically voiceless groups.

Background

The African Diaspora in the New World provides the
unique opportunity to understand the demographic stres-
ses imposed on those forcibly relocated during the trans-
Atlantic slave trade. Of the estimated ten million people
captured in Africa between the 16™ and 19™ centuries by
European powers, just fewer than nine million survived
the harrowing Middle Passage across the Atlantic [1].
Detailed historical records and accounts have been synthe-
sized over the past 50 years, allowing for valuable demo-
graphic reconstructions of various populations by period
and particular region of origin. The vast majority of
Africans arriving in the British America were enslaved as
plantation labourers—a result of growing economic
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demand in Europe for agricultural luxuries such as sugar
and tobacco. By the abolition of slave importation in the
British Empire in 1807, roughly 2.6 million people had
been uprooted and relocated to British America [1].

The island of Jamaica was sparsely inhabited by indigen-
ous sea faring peoples when it was established as a Spanish
settlement in 1509. These peoples either fled the island or
were eradicated by the time of the English conquest of
Jamaica in 1655, the result of forced labour and European
diseases imposed by the Spanish [2]. Due to its lack of pre-
cious metals, the Spanish sparsely populated the island
and only minimally invested in light agriculture and live-
stock. In 1612 and 1613, the only documented African
slaves arrived on the island under the Spanish crown—503
in total [1]. The English, however, were quick to establish
intensive slave labour sugar plantations similar to those
already proving profitable on the nearby British colony of
Barbados. The economy of Jamaica diversified over time,
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with coffee and pimento eventually joining sugar as agri-
cultural exports [3]. An estimated 927,000 slaves disem-
barked from Africa on the island between 1655 and the
successful abolition of the slave trade in 1807 [1]; however,
in an estimate of slave numbers made in 1808, the popula-
tion only numbered 354,000. By the abolition of chattel
slavery in 1834, the population dropped further to 311,070
[3]. The result of a number of demographic and health
related scenarios, the obvious disparities in these values
indicate an environment not conducive to reproduction
with replacement in the slave population of Jamaica.
Between 1655 and 1807, captive Africans embarked
from the most westerly shores of Senegambia and along
the coast eastward, as far as Madagascar. These regions
(Figure 1) were not represented uniformly between 1655
and 1807 in Jamaica, illustrated in Table 1. This variabil-
ity resulted from a number of multifaceted economic
pressures. The arrival of trade with Europe introduced a
continental outlet for an already common practice; slav-
ery was widespread in Africa largely because people were
the only form of private, revenue-producing property
recognized across the continent [4]. Highly regulatory
European trading companies established forts and slave
factories along the West African coast in places like the
Gold Coast and Bight of Benin which increasingly led to
civil unrest among participatory African nations, a conse-
quence that led to the further enslavement of conquered
groups. While most groups would sell prisoners acquired
during conflicts, some populations went as far as under-
taking specialized military campaigns in order to procure
more slaves for the Atlantic trade [5]. Inter-African
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political variability also led to changes in slave exporta-
tion. The most developed areas of Africa at the time of
European contact were also those most likely to be
drawn into the trans-Atlantic slave trade. Only the most
politically unified and densely populated areas could fos-
ter the early commodity trade with Europe; when Eur-
opean interest turned to human cargo, these areas were
most directly affected by the slave trade [6]. These more
densely populated areas had the capacity to respond to
the explosive increase in demand during the middle and
late 18" century.

Invaluable to modern genealogical research, the mito-
chondrial genome (mtDNA) is passed entirely matriline-
ally and accumulates mutations along the maternal line,
providing a unique opportunity to explore the matriline of
select groups. Once considering the relatively rapid muta-
tion rate of mtDNA when compared to the nuclear gen-
ome, it is possible to create detailed phylogenies to explore
the matrilineal relatedness of people [7]. Grouping particu-
lar haplotypes into larger monophyletic clades (hap-
logroups) creates easily comparable units of genealogical
information; when found in other parts of the world, these
haplogroups can be used as indicators of recent migration.
Haplogroup frequency distributions are also sensitive to
population history: the haploid nature of the mtDNA
reduces effective population size and so enhances the
effect of genetic drift. The African contribution to the
New World matrilineal genealogies in people for recent
African origin are far from homozygous [8]; each group of
people has its own distinct haplogroup profile distribution
shaped by not only point of embarkation and number of

Figure 1 Africa in the era of the trans-Atlantic slave trade. Map used by permission from Christelle Le Riguer.
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Table 1 Imputed number of slave disembarked in Jamaica between 1655 and 1808 for voyages with known

embarkation points [1]

Senegambia Sierra Leone Gold Coast Bight of Benin Bight of Biafra West-central Africa Southeast Africa  Total
1651-1660 - - - - 85 - - 85
1661-1670 - - - 704 2,101 500 - 3,305
1671-1680 158 - 2402 2,071 2,204 1211 462 8,508
1681-1690 960 92 412 9,465 2,445 7,139 171 20,684
1691-1700 1,447 205 1,270 3,181 1,926 3,593 - 11,622
1701-1710 1,328 413 13,445 8918 730 2,843 - 27,677
1711-1720 813 125 12,319 6,636 324 1,497 385 22,099
1721-1730 1,603 667 12,055 7,761 3,011 6,003 - 31,100
1731-1740 303 559 6,387 954 4,795 7,708 - 20,706
1741-1750 1,993 2,142 10,062 1,155 14,868 7,134 - 37,354
1751-1760 2,049 8,591 22,630 5,032 18,277 10,803 - 67,382
1761-1770 634 11,523 24,387 9,264 18,347 5133 69,288
1771-1780 2,021 11,874 25,980 8,798 25,051 4,282 78,006
1781-1790 1,135 5,030 36,289 7617 34,800 3,546 - 88417
1791-1800 828 12,322 20,091 5773 68,391 46,382 - 153,787
1801-1810 246 3,260 12,763 2,882 29,248 12,970 - 61,369
Total 15,518 56,803 200,492 80,211 226,603 120,744 1,018 701,389

founders, but also gross environmental and life history
constraints. Earlier mtDNA assessments of the island of
Jamaica results suggest an almost entirely West African
matrilineal origin to the modern Jamaican population with
very few genetic inroads by either Eurasian or Asian/New
World matrilines [9,10], consistent with the historical
accounts of not only a high slave importation rate, but
also a very small resident European female population size
[11], and the decimation of indigenous groups almost
directly after contact [2].

Using historically defined geographical parameters, the
distribution of mtDNA haplogroup profiles in discrete
founding populations can be combined in hopes of iden-
tifying and replicating the source populations found on
Jamaica during the slave trade era. This approach has
been used with success in comparing great swaths of
New World populations of African origin to various
macro-regions in Africa, showing a concurrence with the
historical literature, as well as differing contributions of
African source populations in North, Central, and South
America [8]. Using an expanded and more comprehen-
sive set of source populations, a follow-up study [12]
highlighting African-Americans was able to show a
roughly 55% similarity in distribution of that group with
modern West Africa. Recent reassessments of New
World populations of African descent highlight the effect
embarkation points and colonial networks had on demo-
graphic make-up [13]. Additionally, a similar approach
was applied to the Noir Marron of French Guiana, show-
ing the greatest genetic similarity with populations from
the Bight of Benin, despite origins ranging from the Ivory
Coast to Angola [14].

The aim of this study is to apply similar admixture
modelling to the mtDNA distribution of Jamaica with an
eye toward geographic sensitivity, using historical data on
the coasts of origin as source populations in an attempt
to investigate the genetic vestiges of population con-
straints present during the slave era in Jamaica. Consider-
ing the overwhelming proportion of slaves imported from
the Bight of Biafra and West-central Africa just before
the end of the slave trade, as well as the continuously
high levels of mortality among slaves, it is hypothesized
that the mtDNA haplogroup profile distribution will
resemble these latter sources more closely than regions
exploited earlier in the slave trade.

Results

Jamaican haplogroups

The mitochondrial haplogroup profiles observed in the
sample of Jamaicans are presented in Additional file 1:
Table S1. Individual haplotypes were clustered into larger
haplogroups to facilitate meaningful comparisons
between the groups and facilitate correspondence with
the literature, presented in Additional file 2: Table S2.
The great majority of the profiles observed in Jamaica
could be allocated to L sub-Saharan haplogroups (97.5%),
a result echoing past studies showing very few non-
African maternal lineages in Jamaica [9]. Two “other L”
categories (“Other L0’12” and “Other L3”) were included
for haplogroup sub groupings occurring at low frequen-
cies in the Jamaican sample e.g. L2d and L3h. Combined,
the non-Sub-Saharan paragroup accounted for 2.5%
of the typed Jamaicans. The North African haplogroup
U6 was included separately given its arrival to the
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Sub-Saharan region as the result of migration prior to the
Atlantic slave trade [15]. An additional paragroup (non-
L/U6) was included for all haplogroups not commonly
found in Sub-Saharan Africa. A total of ten sampled
Jamaicans were haplogrouped as non-Sub-Saharan: One
being typed haplogroup A2, one B2, and another two D4,
all Asian/New World haplogroups. The remaining non-
Sub-Saharan haplogroups included one H, two J, and one
U2, all Eurasian haplogroups. Two individual were also
typed to worldwide haplogroup M.

Only one Jamaican profile could be undoubtedly classi-
fied as belonging to typical Native American haplogroups
A2; several exact matches were observed in El Salvador
[16], Costa Rica [17], and in the ‘Hispanic’ US sample of
[18], supporting its Central American nature and perhaps
either one of the few vestiges of the Native American past
of the Caribbean before the arrival of trans-Atlantic coloni-
zers and slaves. Another haplotype most likely belong to
the Native American haplogroup B2, but the resolution of
the HVS-I alone only allows its classification as belonging
to haplogroup B4. There are several lineages most likely
belonging to different sub-clades of the Pan-Asian hap-
logroup D4, and a member of haplogroup M30c1 of pre-
sumable Indian origin. Haplogroup U6 is typically from
North Africa; however, the U6a profile observed in Jamaica
(T16172C C16184T A16219G C16234T C16278T
T16311C) has been reported in the Ikot Mbonde from
Southeast Nigeria [19] but not in North Africa. On the
other hand, there are few haplotypes of European ancestry
in Jamaica. The H2a2bl profile A16235G C16291T
A16293G was observed in Bolzano (Italy) [20], in Galicia
(Spain) [21]; in the USA, this haplotype is quite common as
it appeared many times in the Genographic database [22].
Curiously, no matches have been found for some of the
European profiles, e.g. the ] haplotype T16126C C16187T
T16189C and the U2 haplotype A16051G A16206C
C16291T T16359C. The presence of these lineages in the
modern population may highlight the rapid assimilation of
a small albeit global workforce arriving to a post-emancipa-
tion Jamaica during the subsequent labour shortage.

As shown in Additional file 3: Table S3 and Additional
file 4: Table S4, the great majority of Jamaican haplotypes
are present in populations sampled along the coastline of
West Africa. Only eight different Jamaican haplotypes have
frequencies above 2%. Of these, three of them are more
frequent along the Guinea Coast than in any other African
regions, while the remaining five are often found in the
entirety of sub-Saharan Africa. The L2al profile C16223T
C16278T C16294T A16309G G16319A has been found
nine times in Jamaica, more than any other African or
American region, indicating the existence of discrete
genetic drift episodes on the island. Typical East African
haplogroups, such as L4 and L5 profiles are virtually absent
in Jamaica. There is only one member belonging to
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L4blwhich is, however, one of the two common sub-
lineages of L4 in the Bight of Biafra and the Gold Coast.
This is in agreement with the historical documentation
indicating that East Africa was not targeted by the Eur-
opean naval powers for slave trading across the Atlantic.

Admixture analyses

The results of the exact test of population differentiation
performed on the haplogroup profile distributions confirm
the discrete nature of each African coast (results not
shown). In order to estimate the proportion of maternal
ancestry from each major slaving coast present in the
population of modern Jamaican mtDNA, admixture mod-
els using both haplogroup profiles and haplotype similari-
ties from the African coasts were fitted to the pool of
sampled Jamaicans. Combinations excluding marginal
populations were also explored to investigate any contri-
bution these groups may have on the regional haplogroup
profile distribution. These estimated admixture coeffi-
cients are summarized in Tables 2 and 3, respectively.

Varying parts of the western coast of Africa contribu-
ted to the British trans-Atlantic slave trade in differing
intensities over differing periods; however, the Gold
Coast embarked slaves for the New World in consis-
tently great numbers between the beginning of the 18™
century and the 1790 s.

Using haplogroup distributions to calculate parental
population contribution, the largest admixture coeffi-
cient was associated with the Gold Coast (0.477 + 0.12),
suggesting that the people from this region may have
been consistently prolific throughout the slave era on
Jamaica. The diminutive admixture coefficients asso-
ciated with the Bight of Biafra and West-central Africa
(0.064 + 0.05 and 0.089 + 0.05, respectively) is striking
considering the massive influx of individuals from these
areas in the waning years of the British Slave trade.
When excluding the pygmy groups, the contribution
from the Bight of Biafra and West-central rise to their
highest levels (0.095 + 0.08 and 0.109 + 0.06, respec-
tively), though still far from a major contribution. When
admixture coefficients were calculated by assessing
shared haplotypes, the Gold Coast also had the largest
contribution, though much less striking at 0.196, with a
95% confidence interval of 0.189 to 0.203. Interestingly,
when haplotypes are allowed to differ by one base pair,
the Jamaican matriline shows the greatest affinity with
the Bight of Benin, though both Bight of Biafra and
West-central Africa remain underrepresented.

Diversity and demographic analyses

The results of the evaluation on genetic diversity and
demography of the parental populations and of the
Jamaican mitochondrial gene pool are summarized in
Table 4. All parental groups show expectedly high levels
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Table 2 Admixture coefficients + SD for parental
populations calculated using haplogroup profile
distributions

All Jamaica (n = 390)
Senegambia (n = 892) 0.049 + 0.040
Sierra Leone (n = 823) 0.096 + 0.07

Gold Coast (n = 505) 0477 +0.12

Bight of Benin (n = 421) 0.123 + 0.10

Bight of Biafra (n = 3641) 0.064 £ 0.05
West-central Africa (n = 1403) 0.089 + 0.05
Southeast Africa (n = 775) 0.092 + 0.03

East Africa (n = 805) 0.010 + 0.01

w/o Sahelian Jamaica (n = 390)
Senegambia (n = 39) 0.075 + 0.05

Sierra Leone (n = 659) 0.092 £+ 007

Gold Coast (n = 491) 0336 £ 0.15

Bight of Benin (n = 297) 0261 = 0.15

Bight of Biafra (n = 3008) 0.060 + 0.05
West-central Africa (n = 1403) 0.081 + 0.05
Southeast Africa (n = 775) 0.088 + 0.03

East Africa (n = 805) 0.009 + 0.01

w/o Pygmies Jamaica (n = 390)
Senegambia (n = 892) 0.048 + 004

Sierra Leone (n = 823) 0.092 + 0.07

Gold Coast (n = 505) 0456 + 0.11

Bight of Benin (n = 421) 0.105 + 0.09

Bight of Biafra (n = 3097) 0.095 £ 0.08
West-central Africa (n = 1314) 0.109 £ 0.06
Southeast Africa (n = 775) 0.085 + 0.03

East Africa (n = 753) 0.009 + 0.009

w/o Sahelian or Pygmies Jamaica (n = 390)
Senegambia (n = 39) 0.072 + 0.04

Sierra Leone (n = 659) 0.092 + 0.07

Gold Coast (n = 491) 0343 + 0.14

Bight of Benin (n = 297) 0214 + 0.14

Bight of Biafra (n = 2464) 0.091 + 0.07
West-central Africa (n = 1314) 0.097 + 0.06
Southeast Africa (n = 775) 0.083 + 0.03

East Africa (n = 753) 0.008 + 0.01

of diversity with regards to 0m, as well as signs of expan-
sion with regards to the unimodal stepwise expansion
indices RI and SSD. All groups produced negative values
for Tajima’s D, also indicating population expansion and
departure from the mutation drift equilibrium, although
West-central and Southeast Africa failed to produce sig-
nificant p-values. Sampled Jamaicans fall within the
range for diversity and demographic indices, providing
no evidence of founder effect.

Discussion
The African Diaspora in Jamaica is the result of a well-
documented trade in human lives for just over 150 years
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motivated almost entirely by the rise in demand for lux-
ury goods in Western Europe. By taking historical
African embarkation points into account, we compared
estimates of maternal contribution of each parental
population with historical disembarkation records. The
results of the admixture analysis suggest the mtDNA
haplogroup profile distribution of Jamaica more closely
resembles that of aggregated populations from the mod-
ern day Gold Coast region despite an increasing influx
of individuals from both the Bight of Biafra and West-
central Africa during the final years of the trade. When
taking what is known about the negative rate of natural
population growth of slaves on Jamaica, these results
add an additional layer of complexity to demographic
history of Jamaica. Planters found it more economical to
import new labour rather than invest in natural repro-
duction within their existing groups. Coupling low
fecundity with the high mortality leads to the expecta-
tion of a fluid demographic shift through time to a hap-
logroup profile distribution more closely resembling
those groups arriving later during the slave trade. Pre-
sent results do not show this, hinting instead at non-
random processes in the creation of modern Jamaican
matrilineal demography.

The admixture results may suggest a preference among
Jamaican planters. Historic evidence suggests the Jamai-
can planting class held the Akan of the Gold Coast in
very high regards [23], although similar anecdotal evi-
dence is mixed [24]. Individual planters may have had
ethnic preferences, although it would have been unwise
to ignore immediate labour demands. The Jamaican slave
market was typified by large purchasers competing for
limited number of Africans [24]. The sale of slaves in
Kingston, Jamaica’s main slaving port, was characterized
by timing and market savvy. Prices varied considerably.
Often the most desirable slaves were sold at the begin-
ning of the sale in very small numbers for well over the
average price of the total sale [25]. As the sale progressed,
prices dropped, and often Kingston merchants would
make very large purchases for less than the price as a
whole. These slaves would then be transported to urban
yards to be acclimatized to Jamaica and slavery with indi-
viduals from other shipments, and then resold for a profit
to planters [24]. The whole process would have resulted
in a more heterogeneous cultural mix even before reach-
ing their final destination.

The entire acclimatization process was understandably
both mentally and physically stressful for newly arriving
Africans. Between a quarter to a half of newly landed
Africans died within the first three years on the island
[26]. The distance and time individuals spent travelling is
negatively correlated with survival [27]; as such, indivi-
duals embarking at ports further from Jamaica would be
expected to arrive in a more poorly state. It can postulated
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Table 3 Ancestry proportions based on a Bayesian approach on haplotype frequencies; n: sample size.
Jamaica
All P(0) 95% CI P(1) 95% CI P(2) 95% CI
Senegambia (n = 892) 0.1159 0.1096-0.1222 0.1239 0.1175-0.1304 0.1399 0.1331-0.1467
Sierra Leone (n = 823) 0.1431 0.1362-0.1500 0.1453 0.1384-0.1522 0.1479 0.1409-0.1548
Gold Coast (n = 505) 0.1956 0.1878-0.2033 0.1724 0.1650-0.1798 0.1642 0.1570-0.1715
Bight of Benin (n = 400) 0.1704 0.1630-0.1778 0.1745 0.1671-0.1819 0.1623 0.1550-0.1695
Bight of Biafra (n = 3641) 0.1501 0.1431-0.1571 0.1408 0.1340-0.1476 0.1335 0.1268-0.1402
West-central Africa (n = 1403) 0.1099 0.1037-0.1160 01116 0.1054-0.1178 01124 0.1062-0.1186
South East Africa (n = 775) 0.0580 0.0534-0.0626 0.0768 0.0716-0.0820 0.0865 0.0810-0.0920
East Africa (n = 805) 0.0571 0.0525-0.0616 0.0547 0.0503-0.0592 0.0533 0.0489-0.0577
Jamaica
w/o Sahelian P(0) 95% Cl P(1) 95% ClI P(2) 95% Cl
Senegambia (n = 39) 0.1046 0.0986-0.1106 0.0977 0.0919-0.1035 0.1215 0.1151-0.1279
Sierra Leone (n = 659) 0.1397 0.1329-0.1465 0.1544 0.1473-0.1615 0.1576 0.1505-0.1648
Gold Coast (n = 491) 0.1948 0.1871-0.2026 0.1752 0.1677-0.1826 0.1676 0.1603-0.1749
Bight of Benin (n = 297) 0.1878 0.1801-0.1954 0.1904 0.1827-0.1980 0.1695 0.1622-0.1769
Bight of Biafra (n = 3008) 0.1565 0.1494-0.1636 0.1449 0.1380-0.1518 0.1341 0.1274-0.1408
West-central Africa (n = 1403) 0.1071 0.1010-0.1131 0.1081 0.1020-0.1142 0.1103 0.1042-0.1164
South East Africa (n = 775) 0.0555 0.0510-0.0600 0.0761 0.0709-0.0813 0.0859 0.0804-0.0914
East Africa (n = 805) 0.0540 0.0496-0.0585 0.0533 0.0489-0.0577 0.0534 0.0490-0.0578
Jamaica
w/o Pygmies P(0) 95% ClI P(1) 95% ClI P(2) 95% Cl
Senegambia (n = 892) 0.1149 0.1087-0.1212 0.1212 0.1148-0.1276 0.1371 0.1304-0.1438
Sierra Leone (n = 823) 0.1391 0.1324-0.1459 0.1404 0.1336-0.1472 0.1436 0.1368-0.1505
Gold Coast (n = 505) 0.1913 0.1836-0.1990 0.1712 0.1638-0.1785 0.1613 0.1541-0.1685
Bight of Benin (n = 421) 0.1668 0.1595-0.1741 0.1690 0.1616-0.1763 0.1575 0.1503-0.1646
Bight of Biafra (n = 3097) 0.1648 0.1575-0.1721 0.1543 0.1472-0.1614 0.1455 0.1386-0.1525
West-central Africa (n = 1314) 0.1112 0.1050-0.1174 0.1137 0.1075-0.1199 0.1162 0.1099-0.1224
South East Africa (n = 775) 0.0562 0.0517-0.0608 0.0755 0.0703-0.0806 0.0851 0.0797-0.0906
East Africa (n = 753) 0.0556 0.0511-0.0601 0.0548 0.0503-0.0592 0.0537 0.0493-0.0581
Jamaica
w/o Sahelians or Pygmies P(0) 95% CI P(1) 95% Cl P(2) 95% Cl
Senegambia (n = 39) 0.1012 0.0953-0.1071 0.0945 0.0888-0.1002 0.1179 0.1116-0.1242
Sierra Leone (n = 659) 0.1348 0.1281-0.1415 0.1484 0.1415-0.1554 0.1523 0.1452-0.1593
Gold Coast (n = 491) 0.1891 0.1814-0.1967 0.1710 0.1637-0.1784 0.1632 0.1559-0.1704
Bight of Benin (n = 297) 0.1803 0.1728-0.1878 0.1831 0.1756-0.1907 0.1636 0.1563-0.1708
Bight of Biafra (n = 2463) 0.1735 0.1661-0.1809 0.1609 0.1537-0.1681 0.1483 0.1414-0.1553
West-central Africa (n = 1314) 0.1096 0.1035-0.1157 0.1106 0.1045-0.1168 0.1149 0.1086-0.1211
South East Africa (n = 775) 0.0554 0.0509-0.0599 0.0753 0.0701-0.0804 0.0841 0.0786-0.0895
East Africa (n = 753) 0.0561 0.0516-0.0606 0.0561 0.0516-0.0606 0.0558 0.0513-0.0603

P(x) refers to the freedom in haplotype matching, e.g. P(0) are perfect matches and P(2) are 2 differences from the shared haplotype

therefore that despite more than half of all Africans
shipped to Jamaica coming from the Bight of Biafra, they
may have not survived the acclimatization process as fre-
quently as those individuals from further west along the
coast. Individuals arriving from Southeast Africa and
Madagascar were significantly disadvantaged in this

respect, perhaps evidenced by their negligible contribution
to the mtDNA pool of Jamaica.

The slave society on Jamaica also operated in a very
rigid social hierarchy; creole slaves had much greater life
expectancy, fecundity, and upward social mobility than
those born in Africa [3]. The entire society was also
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Table 4 Genetic diversity and demographic statistics for the Jamaicans of African maternal decent and comparative

population samples

Sample n k S om + SD D RI SsD

Jamaica 390 231 95 728 + 342 -1.46* 0.0044 0.0009
Senegambia 892 361 118 693 + 3.26 -1.60%* 0.0037 0.0010
Sierra Leone 823 343 110 721 + 338 -1.48* 0.0035 0.0016
Gold Coast 505 223 96 6.64 £ 3.14 -1.53* 0.0045 0.0007
Bight of Benin 421 196 97 675+ 3.18 -1.58%* 0.0048 0.0009
Bight of Biafra 3641 852 149 890 + 4.10 -1.27* 0.0024 0.0014
West-central Africa 1403 370 122 9.05 £ 4.17 -1.15 0.0036 0.0004
South-east Africa 775 228 103 850 £ 3.94 -1.14 0.0038 0.0008
East Africa 805 402 139 8.76 £ 405 -1.55% 0.0043 0.0005

* p-value < 0.05

** p-value < 0.02

k = number of distinct haplotypes

S = number of polymorphic sites

6m £ SD = mean number of pairwise differences
D = Tajima’s D

Rl raggedness index

SSD sum of square deviations

highly endogamous, the one glaring omission being the
high frequency in which white men fathered children
with their slaves, providing an opportunity for interge-
nerational mobility. Slaves born of mixed parentage were
more often the recipients of more favourable positions,
including domestics and tradesmen. Slaves of colour
were also much more likely to be manumitted by their
owners [28]. Considering the estimated paternal contri-
bution by Europeans for modern Jamaicans is estimated
at just over 40% [10], African-European admixture may
have played an important role in the legacy of the slave
population.

The development of modern Jamaican English may also
provide insight into the demographic development of the
island. The modern creolized English spoken on the
island has been traced to relatively uneducated Northern
British and Irish overseers and bookmakers and the early
African slaves they interacted with. During the initial era
of slavery on the island (1655-1700), slave acculturation
was a process characterized by direct contact between
newly arrived Africans and their European overseers.
Though the Gold Coast contributed marginally to the
slave trade prior to 1700, the Akan speaking groups from
modern Ghana were thought to be the largest concen-
trated linguistic groups [29]. These early slaves heavily
influenced the development of the Creole slave language
and culture on the island [30]. Additionally, modern
Jamaican English contains many loanwords of African
origin, a majority of those etymologically from Gold
Coast region [31]. A large part of the pidginization is
thought to have been completed within the first few dec-
ades, and as the proportion of Europeans began to shrink
with the explosive increase in slave imports, newly

arrived Africans would be more reliant on established
slaves for the acquisition of a common tongue [32]. Con-
temporary accounts of a ‘two-burial’ custom also match
those found in groups from the Gold Coast [33]. Africans
arriving from the Gold Coast may have thus found the
acclimatization and acculturation process less stressful
because of cultural and linguistic commonalities, leading
ultimately to a greater chance of survivorship and a
greater number of progeny.

Conclusions

In summation, despite the historical evidence that an over-
whelming majority of slaves were sent from the Bight of
Biafra and West-central Africa near the end of the British
slave trade, the mtDNA haplogroup profile of modern
Jamaicans show a greater affinity with groups found in the
present day Gold Coast region. Caution must be paid
however to the scope of the analyses performed here. The
Jamaican slave markets were the largest in the West Indies
and sporadic accounts exist of slaves being purchase in
Jamaica for plantations in other part of the New World;
however, it is difficult to accurately trace the ancestry of
the resold slaves. Additionally, after the abolition of slavery
in 1834, the island is treated here as roughly a closed sys-
tem with regards to the African continent. The trajectory
of the mtDNA distribution is assumed to have stayed rela-
tively consistent since emancipation; however, constraints
imposed on the Jamaican population may have changed
through time, influencing modern demography. The end
of the slave trade in Jamaica brought about a change in
economic climate, with a small albeit recognizable amount
of Jamaicans emigrating to other parts of the world, as
well as foreign migrant labours arriving from around the
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globe. Whether any these constraints have significantly
affected the mtDNA distribution on the island is difficult
to say.

Methods

Sampling protocol and criteria

The study was approved by the local ethics committees of
the University of West Indies in Mona, Jamaica. After
providing informed consent, over 400 Jamaican volun-
teers were then asked to complete a simple questionnaire
stating their birth place, their parents’ birth places, and—
if known-the birth places of both sets of grandparents.
Individuals born outside the country or with any reported
maternal relatives born outside the country were
excluded from the study. Additionally, where more than
one maternal relative was sampled, only one individual
was used in further analysis.

Population comparisons and HVS-I database

A database of 9,265 African first hyper variable segment
(HVS-1) sequences was amassed from the literature in
order to investigate any life history constraints present
on the island during and after slavery. African ethnic
groups were assigned locations based on present day
ranges of the population imposed on the historic guide-
lines for the differing coasts. To account for transit of
slaves from inland Africa to the coast, these regions were
then segregated into the hinterland roughly perpendicu-
larly from the coast, an assumption explored previously
[6]. When the location of sample collection is not speci-
fied in the literature, the ethnic group’s present location
according to Ethnologue [34] is used. The following eight
historic regional definitions are employed for dividing the
African coast: Senegambia is anywhere north of the
Nuiiez River. Sierra Leone comprises the Nunez River
near Boké, Guinea up to and including the Assini River
in Cote d'Ivoire. The Gold Coast runs east of here up to
and including the Volta River. The Bight of Benin covers
the Volta River in Ghana to the Nun River in the Niger
delta of Nigeria, and the Bight of Biafra, east of the Nun
River to Cape Lopez in modern Gabon, inclusive. West-
central Africa is defined as the rest of the western coast
of the continent south of this point, and Southeast Africa
anywhere east of the Cape of Good Hope [35]. The
Windward coast was combined with Sierra Leone due to
poor representation in the mtDNA literature, a practice
often found in the historic literature as well [23]. Ethnic
groups contributed in each group are summarized in
Additional file 5: Table S5.

mtDNA analyses and haplogroup determination
After exclusion criteria, analyses were preformed on 400
Jamaican individuals from around the island. Buccal
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swabs were collected from all subjects and stored in cell
lysis solution (Medical Packaging Corporation, Camarillo,
CA). Total DNA was then extracted using the Qiagen
buccal cell spin protocol (Qiagen Ltd., Crawley, UK). The
HVS-1 was then amplified using PCR. A reverse primer
was used to generate all sequences (for details see [36]).
A forward primer was also used to read the sequence
prior to the polycytosine tract between base pairs 16184-
16193 according to the revised mtDNA reference
sequence (NCBI Reference Sequence: NC_012920.1).
Sequencing product was then separated by 5% denaturing
Long Ranger gel and detected using an Applied Biosys-
tems 377 DNA sequencer (FMC Bio-Products, Rockland,
ME, USA). Chromatograms were later read and con-
verted to text using Chromas Lite (Chromas Lite, Tech-
nelysium, Queensland, Australia), then manually aligned
to the reference sequence (rCRS) using Bioedit [37].
Differences from the rCRS were recorded, controlling for
the length polymorphism found between base pairs
16184-16193, and haplogrouped according to the com-
prehensive full mtDNA genome phylogenetic tree Phylo-
tree Build 11 (7 Feb 2011) [38] and the comprehensive
mtDNA database published alongside the Genographic
Project [22] at a comparable resolution to that in the lit-
erature [12]. In order to monitor sequencing errors that
could arise from sequencing, phylogenetic inconsistencies
were monitored using phylogenetic tools [39-44]. When
observing some phylogenetic inconsistency, sequencing
electropherograms were rechecked; DNA sample was re-
extracted or re-sequenced when persisting some doubt
regarding the variant in question. Additional coding
region SNP genotyping was performed on ambiguous
sequences to aid in resolution.

Data analysis

Admixture coefficients based on haplogroup profile distri-
butions were estimated using a Markov-Chain Monte
Carlo posterior sampling method assuming a multinomial
distribution for the mtDNA haplogroup profiles, a method
best explained in detail elsewhere [8]. Additionally, admix-
ture coefficients were also calculated based on shared hap-
lotype frequencies and explored in a Bayesian framework,
best explained in detail elsewhere [45]. An exact test of
population differentiation [46] was performed on hap-
logroup profile frequencies between each African coast to
investigate the discrete nature of each group in light of
any effect population migrations or the inter-African slave
trade have may played on the clustering of populations.
All haplotypes not found in Sub-Saharan Africa were
excluded from the Jamaican sample for the admixture ana-
lyses in order to focus the analysis only on African groups
and accommodate the historical embarkation data from
the continent. Additional analyses were preformed
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excluding more marginal groups with debatable influence
on the slave trade, including the pygmy populations of
equatorial Africa and populations from the Sahel, a region
geographically defined here as 11.25-18.75°N, 16.875°W-
35.625°E [47].

In order to investigate the internal diversity of the stu-
died regions’ mtDNA pools, the following diversity
indices were calculated: number of different haplotypes
(k), number of polymorphic sites (S), mean number of
pairwise differences (6m) [48]. Demographic properties of
the population samples were assessed against Tajimas’s D
neutrality statistic, a parameter that investigates the
nucleotide sequence diversity with respect to a mutation
parameter calculated using the number of segregating
sites [49]. Additionally, a mismatch analysis with 1000
bootstrap replicates was preformed to validate the unim-
odal stepwise expansion model based on the pairwise dis-
tribution using an index of raggedness (RI) [50] and sum
of squared deviations (SSD) [51]. All parameters were
calculated using Arlequin 3.5 [52].

Additional material

Additional file 1: Table S1. HVS-I sequences of the Jamaican individuals
analyzed in the present study.

Additional file 2: Table S2. Haplogroup frequencies of Jamaica,
different African regions and different iterations considered and analyzed
in the present study.

Additional file 3: Table S3. Haplotypes shared (relative frequencies)
between Jamaica and the different African regions analyzed in the
present study.

Additional file 4: Table S4. Number of shared haplotypes between the
different regions considered in the present study. Numbers in the
diagonal are the number of different haplotypes per region. In brackets
is the proportion of the Jamaican haplotypes that are shared with each
of the African regions considered.

Additional file 5: Table S5. Mitochondrial DNA HVS-I sequences
included in this study [15,53-80].

Abbreviations
mtDNA: mitochondrial DNA.

Acknowledgements

The authors would like to thank all of the volunteers who contributed to
this study. We would also like to thank Barry Higman and David Eltis for
their helpful correspondence. Additionally, we would like to thank Bert Ely
for providing us with many of his unpublished sequences. Finally, we would
like to thank Christelle Le Riguer for the gracious use of her map. The
European project “A European Initial Training Network on the history,
archaeology, and new genetics of the Trans-Atlantic slave trade (EUROTAST)”
(EU project: 290344) partially supported the research activity of A.S.

Author details

TInstitute of Cardiovascular and Medical Sciences, University of Glasgow,
Glasgow, UK. “Unidade de Xenética, Departamento de Anatomia Patoloxica
e Ciencias Forenses, and Instituto de Medicina Legal, Facultade de Medicina,
Universidad de Santiago de Compostela, Santiago de Compostela, Galicia,
Spain. *Department of History, University of Glasgow, Glasgow, UK.
“Department of Statistics, University of Glasgow, Glasgow, UK. *Department
of Basic Medical Sciences, University of the West Indies, Kingston, Jamaica.

Page 9 of 11

Authors’ contributions

MLD conceived the study, performed the genetic laboratory analysis, data
analysis, and drafted the manuscript. AS aided in the data analysis,
interpretation and presentation. SPN assisted in the social science
interpretation and validation of historical content. VAM helped in the design,
conception and analysis. EYstAM aided in sample collection and help in the
study design. YPP was the principal sample collector and aided in the study
design. All authors reviewed and commented on the manuscript during its
drafting and approved the final version.

Received: 26 September 2011 Accepted: 23 February 2012
Published: 23 February 2012

References

1.

Eltis D: 2009, Estimates Database. http://www slavevoyages.org/ Voyages:
The Trans-Atlantic Slave Trade Database. 11-10-2010. Ref Type: Electronic
Citation.

Whitehead N: Native society and the European occupation of the
Caribbean islands and coastal Tierra Firme, 1492-1650. In General History
of the Caribbean. Edited by: Emmer PC. London: UNESCO Publishing;
1999:180-200.

Higman BW: Slave populatoin and economy in Jamaica, 1807-1834
Cambridge: Cambridge University Press; 1976.

Thornton J: Africa and Africans in the Making of the Atlantic World, 1400-
1680 Cambridge: Cambridge University Press; 1992.

Klein H: The Atlantic slave trade Cambridge: Cambridge University Press;
1999.

Nunn N: The long-term effects of Africa’s slave trades. Q J Econ 2008,
123:139-176.

Underhill PA, Kivisild T: Use of Y chromosome and mitochondrial DNA
population structure in tracing human migrations. Annu Rev Genet 2007,
41:539-564.

Salas A, Richards M, Lareu MV, Scozzari R, Coppa A, Torroni A, et al: The
African diaspora: mitochondrial DNA and the Atlantic slave trade. Am J
Hum Genet 2004, 74:454-465.

McLean DC, Spruill |, Argyropoulos G, Page GP, Shriver MD, Garvey WT:
Mitochondrial DNA (mtDNA) haplotypes reveal maternal population
genetic affinities of Sea Island Gullah-speaking African Americans. Am J
Phys Anthropol 2005, 127:427-438.

Benn-Torres J, Kittles RA, Stone AC: Mitochondrial and Y chromosome
diversity in the English-speaking Caribbean. Ann Hum Genet 2007,
71:782-790.

Burnard T: The countrie continues sicklie”: white mortality in Jamaica,
1655-1780. Soc Hist Med 1999, 12:45-72.

Salas A, Carracedo A, Richards M, Macaulay V: Charting the ancestry of
African Americans. Am J Hum Genet 2005, 77:676-680.

Stefflova K, Dulik MC, Barnholtz-Sloan JS, Pai AA, Walker AH, Rebbeck TR:
Dissecting the within-Africa ancestry of populations of African Descent
in the Americas. PLoS One 2011, 6:214495.

Brucato N, Cassar O, Tonasso L, Tortevoye P, Migot-Nabias F, Plancoulaine S,
et al: The imprint of the slave trade in an African American population:
mitochondrial DNA, Y chromosome and HTLV-1 analysis in the Noir
Marron of French Guiana. BMC Evol Biol 2010, 10:314.

Rando JC, Pinto F, Gonzalez AM, Hernandez M, Larruga JM, Cabrera VM,

et al: Mitochondrial DNA analysis of Northwest African populations
reveals genetic exchanges with European, Near-Eastern, and sub-
Saharan populations. Ann Hum Genet 1998, 62:531-550.

Salas A, Lovo-Gomez J, varez-Iglesias V, Cerezo M, Lareu MV, Macaulay V,
et al: Mitochondrial echoes of first settlement and genetic continuity in
El Salvador. Plos One 2009, 4(9):e6882.

Morera B: Analisis del Polimorfismo del ADNmt en la Poblacion General
de Costa Rica: un Asunto Pendiente. Rev Latinoam de Derecho Médico y
Medicina Legal 2002, 7:21-34.

Monson KL, Miller KWP, Wilson MR, Dizinno JA, Budowle B: The mtDNA
population database: an integrated software and database resource for
forensic comparison. Forensic Sci Comm 2002, 4(2), 2009. Ref Type:
Electronic Citation.

Veeramah KR, Connell BA, Pour NA, Powell A, Plaster CA, Zeitlyn D, et al:
Little genetic differentiation as assessed by uniparental markers in the
presence of substantial language variation in peoples of the Cross River
region of Nigeria. Bmc Evolutionary Biology 2010, 10:92.


http://www.biomedcentral.com/content/supplementary/1471-2148-12-24-S1.XLSX
http://www.biomedcentral.com/content/supplementary/1471-2148-12-24-S2.XLSX
http://www.biomedcentral.com/content/supplementary/1471-2148-12-24-S3.XLSX
http://www.biomedcentral.com/content/supplementary/1471-2148-12-24-S4.XLSX
http://www.biomedcentral.com/content/supplementary/1471-2148-12-24-S5.DOC
http://www.ncbi.nlm.nih.gov/pubmed/18076332?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18076332?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14872407?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14872407?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15624208?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15624208?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17596204?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17596204?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11623810?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11623810?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16175514?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16175514?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21253579?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21253579?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20958967?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20958967?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20958967?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10363131?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10363131?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10363131?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19724647?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19724647?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20356404?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20356404?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20356404?dopt=Abstract

Deason et al. BVIC Evolutionary Biology 2012, 12:24
http://www.biomedcentral.com/1471-2148/12/24

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Thomas MG, Barnes |, Weale ME, Jones AL, Forster P, Bradman N, et al: New
genetic evidence supports isolation and drift in the Ladin communities
of the South Tyrolean Alps but not an ancient origin in the Middle East.
Eur J Hum Genet 2008, 16:124-134.

Alvarez-Iglesias V, Mosquera-Miguel A, Cerezo M, Quintans B, Zarrabeitia MT,
Cusco |, et al: New population and phylogenetic features of the internal
variation within mitochondrial DNA Macro-Haplogroup RO. Plos One
2009, 4(4):e5112.

Behar DM, Rosset S, Blue-Smith J, Balanovsky O, Tzur S, Comas D, et al: The
genographic project public participation mitochondrial DNA database.
PLoS Genet 2007, 3:1083-1095.

Curtin P: The Atlantic Slave Trade: A Census Madison: The University of
Wisconsin Press; 1969.

Burnard T, Morgan K: The dynamics of the slave market and slave
purchasing patterns in Jamaica, 1655-1788. William Mary Q 2001, 58:205-228.
Galenson DW: Traders, Planters and Slaves: Market Behavior in Early English
America Cambridge: Cambridge University Press; 2002.

Sheridan RB: Doctors and Slaves: A Medical and Demographic History of
Slavery in the British West Indies, 1680-1834 Cambridge: Cambridge
University Press; 1985.

Haines R, McDonald J, Shlomowitz R: Mortality and voyage length in the
middle passage revisited. Explorations Econ Hist 2001, 38:503-533.

Higman BW: Household structure and fertility on Jamaican slave
plantations: a nineteenth-century example. Population Studies 1973,
27(3):527-550, Population Investigation Committee. Ref Type: Abstract.
Patterson HOL: Slavery, acculturation, and social change: the jamaican
case. Br J Sociol 1966, 17:151-164.

Cassidy FG, Le Page RB: Dictionary of Jamaican English. 2 edition. Kingston:
University of the West Indies Press; 2002.

Cassidy FG: Multiple etymologies in Jamaican Creole. Am Speech 1966,
41:211-215.

Mintz SW, Price R: An anthropological approach to the Afro-American past: a
Caribbean perspective Philadelphia: Institute for the Study of Human Issues;
1976.

Brathwaite E: The ‘Folk’ culture of the slaves. The Development of Creole
Society in Jamaica Oxford: Clarendon Press; 1971, 212-239.

Lewis MPed: Ethnologue: Languages of the World Dallas: SIL International;
2009, ISBN 16.

Eltis D, Behrendt S, Richardson D, Klein H: The Trans-Atlantic Slave Trade: A
Database on CD-ROM Cambridge: Cambridge University Press; 1999, Ref
Type: Computer Program.

Scott RA, Wilson RH, Goodwin WH, Moran CN, Georgiades E, Wolde B, et al:
Mitochondrial DNA lineages of elite Ethiopian athletes. Comp Biochem
Physiol B Biochem Mol Biol 2005, 140:497-503.

Hall TA: Bioedit: a user-friendly biological sequence alignment editor and
analysis program for Windows 95/98/NT. Nucleic Acids Symp Ser 1999,
41:95-98.

van Oven M, Kayser M: Updated comprehensive phylogenetic tree of
global human mitochondrial DNA variation. Hum Mutat 2009, 30:
E386-E394.

Bandelt HJ, Quintana-Murci L, Salas A, Macaulay V: The fingerprint of
phantom mutations in mitochondrial DNA data. Am J Hum Genet 2002,
71:1150-1160.

Bandelt H, Salas A, Bravi C: Problems in FBI mtDNA database. Science
2004, 305:1402-1404, Ref Type: Magazine Article.

Bandelt HJ, Salas A, Lutz-Bonengel S: Artificial recombination in forensic
mtDNA population databases. Int J Leg Med 2004, 118:267-273.

Salas A, Bandelt HJ, Macaulay V, Richards MB: Phylogeographic
investigations: the role of trees in forensic genetics. Forensic Sci Int 2007,
168:1-13.

Salas A, Carracedo A, Macaulay V, Richards M, Bandelt HR: A practical guide
to mitochondrial DNA error prevention in clinical, forensic, and
population genetics. Biochem Biophys Res Commun 2005, 335:891-899.
Yao YG, Salas A, Logan |, Bandelt HJ: mtDNA data mining in GenBank
needs surveying. Am J Hum Genet 2009, 85:929-933.

Mendizabal |, Sandoval K, Berniell-Lee G, Calafell F, Salas A, Martinez-
Fuentes A, et al: Genetic origin, admixture, and asymmetry in maternal
and paternal human lineages in Cuba. Bmc Evolutionary Biology 2008,
8:213.

Raymond M, Rousset F: An exact test for population differentiation.
Evolution 1995, 49:1280-1283.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Page 10 of 11

Rowell DP: Teleconnections between the tropical Pacific and the Sahel.
Q J R Meteorological Soc 2001, 127:1683-1706.

Tajima F: Evolutionary relationship of Dna-sequences in finite
populations. Genetics 1983, 105:437-460.

Tajima F: Statistical-method for testing the neutral mutation hypothesis
by Dna polymorphism. Genetics 1989, 123:585-595.

Harpending HC: Signature of ancient population-growth in a low-
resolution mitochondrial-dna mismatch distribution. Hum Biol 1994,
66:591-600.

Schneider S, Excoffier L: Estimation of past demographic parameters from
the distribution of pairwise differences when the mutation rates very
among sites: application to human mitochondrial DNA. Genetics 1999,
152:1079-1089.

Excoffier L, Lischer HEL: Arlequin suite ver 3.5: a new series of programs
to perform population genetics analyses under linux and windows. Mo/
Ecol Resour 2010, 10:564-567.

Rosa A, Brehm A, Kivisild T, Metspalu E, Villems R: MtDNA profile of West
Africa Guineans: towards a better understanding of the Senegambia
region. Ann Hum Genet 2004, 68:340-352.

Stefflova K, Dulik MC, Pai AA, Walker AH, Zeigler-Johnson CM, Gueye SM,
et al: Evaluation of group genetic ancestry of populations from
Philadelphia and Dakar in the context of sex-biased admixture in the
Americas. PLoS One 2009, 4:e7842.

Watson E, Forster P, Richards M, Bandelt HJ: Mitochondrial footprints of
human expansions in Africa. Am J Hum Genet 1997, 61:691-704.

Gonzalez AM, Cabrera VM, Larruga JM, Tounkara A, Noumsi G, Thomas BN,
et al: Mitochondrial DNA variation in Mauritania and Mali and their
genetic relationship to other western Africa populations. Ann Hum Genet
2006, 70:631-657.

Jackson BA, Wilson JL, Kirbah S, Sidney SS, Rosenberger J, Bassie L, et al:
Mitochondrial DNA genetic diversity among four ethnic groups in Sierra
Leone. Am J Phys Anthropol 2005, 128:156-163.

Cerny V, Hajek M, Bromova M, Cmejla R, Diallo |, Brdicka R: mtDNA of
Fulani nomads and their genetic relationships to neighboring sedentary
populations. Hum Biol 2006, 78:9-27.

Batini C, Coia V, Battaggia C, Rocha J, Pilkington MM, Spedini G, et al:
Phylogeography of the human mitochondrial L1c haplogroup: genetic
signatures of the prehistory of Central Africa. Mol Phylogenet Evol 2007,
43:635-644.

Quintana-Murci L, Quach H, Harmant C, Luca F, Massonnet B, Patin E, et al:
Maternal traces of deep common ancestry and asymmetric gene flow
between Pygmy hunter Cégatherers and Bantu-speaking farmers. Proc
Natl Acad Sci 2008, 105:1596-1601.

Pinto F, Gonzalez AM, Hernandez M, Larruga JM, Cabrera VM: Genetic
relationship between the Canary Islanders and their African and Spanish
ancestors inferred from mitochondrial DNA sequences. Ann Hum Genet
1996, 60:321-330.

Coia V, stro-Bisol G, Verginelli F, Battaggia C, Boschi |, Cruciani F, et al: Brief
communication: mtDNA variation in North Cameroon: Lack of Asian
lineages and implications for back migration from Asia to sub-Saharan
Africa. Am J Phys Anthropol 2005, 128:678-681.

Cerny V, Salas A, Hajek M, Zaloudkova M, Brdicka R: A bidirectional corridor
in the Sahel-Sudan belt and the distinctive features of the Chad Basin
populations: a history revealed by the mitochondrial DNA genome. Ann
Hum Genet 2007, 71:433-452.

Mateu E, Comas D, Calafell F, Rez-Lezaun A, Abade A, Bertranpetit J: A tale
of two islands: population history and mitochondrial DNA sequence
variation of Bioko and Sao Tome, Gulf of Guinea. Ann Hum Genet 1997,
61:507-518.

Destro-Bisol G, Coia V, Boschi |, Verginelli F, Caglia A, Pascali V, et al: The
analysis of variation of mtDNA hypervariable region 1 suggests that
Eastern and Western Pygmies diverged before the Bantu expansion. Am
Nat 2004, 163:212-226.

Cerny V, Hajek M, Cmejla R, Bruzek J, Brdicka R: mtDNA sequences of
Chadic-speaking populations from northern Cameroon suggest their
affinities with eastern Africa. Ann Hum Biol 2004, 31:554-569.

Coelho M, Sequeira F, Luiselli D, Beleza S, Rocha J: On the edge of Bantu
expansions: mtDNA, Y chromosome and lactase persistence genetic
variation in southwestern Angola. Bmc Evolutionary Biology 2009, 9:80.
Beleza S, Gusmao L, Amorim A, Carracedo A, Salas A: The genetic legacy of
western Bantu migrations. Hum Genet 2005, 117:366-375.


http://www.ncbi.nlm.nih.gov/pubmed/17712356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17712356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17712356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19340307?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19340307?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18751317?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18751317?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11630557?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11630557?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15694598?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18853457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18853457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12384858?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12384858?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15353782?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16814504?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16814504?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16102729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16102729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16102729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20004768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20004768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18644108?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18644108?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6628982?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6628982?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2513255?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2513255?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8088750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8088750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10388826?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10388826?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10388826?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21565059?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21565059?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15225159?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15225159?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15225159?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19946364?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19946364?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19946364?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9326335?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9326335?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16907709?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16907709?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15761855?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15761855?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16900879?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16900879?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16900879?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17107816?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17107816?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18216239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18216239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8865992?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8865992?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8865992?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15895434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15895434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15895434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15895434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17233755?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17233755?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17233755?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9543551?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9543551?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9543551?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14970923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14970923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14970923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15739384?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15739384?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15739384?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19383166?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19383166?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19383166?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15928903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15928903?dopt=Abstract

Deason et al. BVIC Evolutionary Biology 2012, 12:24 Page 11 of 11
http://www.biomedcentral.com/1471-2148/12/24

69. Plaza S, Salas A, Calafell F, Corte-Real F, Bertranpetit J, Carracedo A, et al.
Insights into the western Bantu dispersal: mtDNA lineage analysis in
Angola. Hum Genet 2004, 115:439-447.

70. Pereira L, Macaulay V, Torroni A, Scozzari R, Prata MJ, Amorim A: Prehistoric
and historic traces in the mtDNA of Mozambique: insights into the
Bantu expansions and the slave trade. Ann Hum Genet 2001, 65:439-458.

71. Chen YS, Olckers A, Schurr TG, Kogelnik AM, Huoponen K, Wallace DC:
mtDNA variation in the South African Kung and Khwe-and their genetic
relationships to other African populations. Am J Hum Genet 2000,
66:1362-1383.

72. Salas A, Richards M, De la Fe T, Lareu MV, Sobrino B, Sanchez-Diz P, et al:
The making of the African mtDNA landscape. Am J Hum Genet 2002,
71:1082-1111.

73. Castri L, Tofanelli S, Garagnani P, Bini C, Fosella X, Pelotti S, et al: mtDNA
variability in two Bantu-speaking populations (Shona and Hutu) from
Eastern Africa: implications for peopling and migration patterns in Sub-
Saharan Africa. Am J Phys Anthropol 2009, 140:302-311.

74. Tofanelli S, Bertoncini S, Castri L, Luiselli D, Calafell F, Donati G, et al- On the
origins and admixture of Malagasy: new evidence from high-resolution
analyses of paternal and maternal lineages. Mol Biol Evol 2009,
26:2109-2124.

75. Knight A, Underhill PA, Mortensen HM, Zhivotovsky LA, Lin AA, Henn BM,
et al: African Y chromosome and mtDNA divergence provides insight
into the history of click languages. Curr Biol 2003, 13:464-473.

76. Thomas MG, Weale ME, Jones AL, Richards M, Smith A, Redhead N, et al:
Founding mothers of Jewish communities: geographically separated
Jewish groups were independently founded by very few female
ancestors. Am J Hum Genet 2002, 70:1411-1420.

77. Brandstatter A, Peterson CT, Irwin JA, Mpoke S, Koech DK, Parson W, et al:
Mitochondrial DNA control region sequences from Nairobi (Kenya):
inferring phylogenetic parameters for the establishment of a forensic
database. Int J Leg Med 2004, 118:294-306.

78.  Quintana-Murci L, Semino O, Bandelt HJ, Passarino G, McElreavey K,
Santachiara-Benerecetti AS: Genetic evidence of an early exit of Homo
sapiens sapiens from Africa through eastern Africa. Nat Genet 1999,
23:437-441.

79. Kivisild T, Reidla M, Metspalu E, Rosa A, Brehm A, Pennarun E, et al:
Ethiopian mitochondrial DNA heritage: tracking gene flow across and
around the gate of tears. Am J Hum Genet 2004, 75:752-770.

80. Krings M, Salem AH, Bauer K, Geisert H, Malek AK, Chaix L, et al: mtDNA
analysis of Nile River Valley populations: a genetic corridor or a barrier
to migration. Am J Hum Genet 1999, 64:1166-1176.

doi:10.1186/1471-2148-12-24
Cite this article as: Deason et al.: Interdisciplinary approach to the
demography of Jamaica. BMC Evolutionary Biology 2012 12:24.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

www.biomedcentral.com/submit

Submit your manuscript at ( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/15340834?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15340834?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11806853?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11806853?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11806853?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10739760?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10739760?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12395296?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19425093?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19425093?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19425093?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19425093?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19535740?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19535740?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19535740?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12646128?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12646128?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11992249?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11992249?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11992249?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10581031?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10581031?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15457403?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15457403?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10090902?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10090902?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10090902?dopt=Abstract

	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Jamaican haplogroups
	Admixture analyses
	Diversity and demographic analyses

	Discussion
	Conclusions
	Methods
	Sampling protocol and criteria
	Population comparisons and HVS-I database
	mtDNA analyses and haplogroup determination
	Data analysis

	Acknowledgements
	Author details
	Authors' contributions
	References

