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Abstrakt

Laktazovou persistenci (LP) nazyvame geneticky podminénou
schopnost travit laktozu (mléény cukr) v dospélosti. Laktoza je
Stépena enzymem tenkého stfeva — laktazou, jehoz produkce
u savcll po odstaveni ustdva. V ptipad¢ LP je laktaza
produkovana po cely zivot, ¢imZ je umoznéno bez obtizi
piijimat vétsi mnozstvi Cerstvého mléka. LP je dolozena jen u
nckterych lidskych populaci. Celosvétoveé je jeji rozsifeni
aridnich oblasti Afriky a Arabie. LP souvisi se vznikem
zemédé@lstvi pred 10 000 lety a pocatky mlécné produkce.
V urcitych populacich nachazime signal silné pozitivni selekce
pro LP, ziejmé podminénou riznymi faktory v zavislosti na
riznych Zzivotnich podminkach. LP zptsobuji jednobodové
polymorfismy nachazejici se zhruba 14 kb upstream od
laktazového genu. Dnes je znamo pét riznych pro-LP variant,
které vznikly a rozsifily se zcela nezavisle.

Jednim z moznych center vzniku LP je Arabsky
poloostrov, kde se poprvé objevila a rozsitila pro-LP varianta
—13915*G. V této praci bylo studovano rozsifeni pro-LP
mutaci u populaci jizni Arabie a africkych Arabd. U vSech
analyzovanych soubort byl potvrzen vyskyt —13915*G. V jizni
Aréabii pak u vétSiny soubort ve frekvenci vyssi nez 50 %.
U africkych Arabi patiicich k pastevcim velbloudii byl
zaznamenan vys$i vyskyt této mutace (44,4-76 %) oproti
africkym Arabum, jez pieSli k chovu hovéziho dobytka ¢i
usedlému zemédélstvi (1,4-25,5%). Vysledky podporuji
hypotézu ptedchozich studii, Ze —13915*G vznikla a prvné se
rozsifila v Arabii pravdépodobné Vv souvislosti s domestikaci
velblouda. Vysledky odhadu stafi a expanze pak ukazuji, Ze
—13915*G se z Arabie do Afriky rozsifila migracemi
probihajicimi od 7. stoleti naseho letopoctu.



Abstract

Lactase persistence (LP) is genetically determined ability to
digest lactose (milk sugar) in adulthood. Lactose is digested by
the intestinal enzyme — lactase. In mammals, production of
lactase declines after the weaning period. In case of the LP, the
lactase is produced during whole life and thus it is possible to
drink larger amounts of fresh milk without digestive problems.
However, LP is documented only in some human populations.
Its worldwide distribution is unequal, the highest rates are
found in northern Europe and in pastoralists living in arid
regions of Africa and Arabia. The origin of this trait is related
to the emergence of agriculture 10,000 years ago, and the
beginnings of milk production. In some populations, there is
a strong signal of positive selection for the LP caused by
various factors depending on various living conditions. LP is
associated with single nucleotide polymorphisms (SNPs)
located approximately 14 kb upstream from lactase gene.
Nowadays we know five different SNPs which cause the LP
and they have probably different origin and have expanded
independently.

One of the possible centres of the LP origin is the Arabian
Peninsula, where the LP variant —13,915*G probably first
appeared and spread. In this thesis, occurrences of different LP
mutations were investigated in the populations of southern
Arabia and African Arabs. In all analysed datasets, the
presence of the —13,915*G has been confirmed. The frequency
of the —13,915*G in southern Arabia was higher than 50% in
most of analysed datasets. Higher incidence of this mutation
(44.4-76%) was recorded in the African Arabs who raise
camels, compared to the African Arabs, who switched to the
cattle farming or sedentary agriculture (1.4 to 25.5%). The
results support the hypothesis formed in previous studies
suggesting that the —13,915*G was at first spread in Arabia
probably in connection of the camel domestication. The
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estimating of the age and expansion of the —13,915*G is
consistent with the migrations from Arabia to Africa which
started in the 7th century AD.
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1. Uvod

V obdobi kdy jsou savci kojeni, je v jejich tenkém stieve
produkovan enzym laktdza, ktery umoznuje Stépit mlécny cukr
laktozu na galaktozu a glukézu. Po odstaveni produkce laktazy
ustava. Konzumace vétStho mnozstvi cerstvého mléka pak
muze zpusobovat travici obtize, nebot’ nestrdvenou laktazu
Stépi bakterie tlustého stieva a jejich metabolity mohou narusit
osmotickou rovnovahu stfeva. Toto se netykd konzumace
mlécnych vyrobki, které prosly fermentaci, protoze laktoza je
Vnich timto procesem jiz rozlozena. U né¢kterych lidskych
populaci se rozsitfila schopnost produkovat laktazu béhem
celého zivota; tzv. laktazova persistence (LP) (Swallow 2003).
LP neni v dne$nim svété rozmisténa rovnomeérne, jeji nevyssi
frekvence nachazime v severni Evropé a u pasteveckych
narodil aridnich oblasti jako je sahel nebo Arabsky poloostrov.
Naopak Vvjizni Asii ¢i u puvodnich obyvatel Ameriky a
Australie se nevyskytuje vibec (Itan et al. 2010).

Laktazova persistence je geneticky podminény znak.
Jeji pricinou je jednobodova mutace ve tfindctém intronu genu
MCM®6 (minichromosome maintenance gene 6), ktery sousedi
s genem pro laktazu. Dnes zname pét riznych polymorfismu,
které za LP zodpovidaji a zfejmé se objevily nezavisle na sobé
u riznych populaci. Jednd se —13910*T (Cislo oznacuje
vzdalenost v bp upstream od genu pro laktazu) ktera je
pti¢inou LP v Evropé (Enattah et al. 2002), —13915*G, jejiz
nejvyssi frekvence nachdzime na Arabském poloostrové
(Enattah et al. 2008; Imtiaz et al. 2007) a dale pak —13907*G,
—14009*G a -14010*C, které se nejCastéji vyskytuji ve
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vychodni Africe (Jones et al. 2015; Ranciaro et al. 2014;
Tishkoff et al. 2007).

Vznik a rozSifeni LP je spjat se vznikem zemédélstvi
pred 10 000 lety na Prednim vychodé (Bar-Yosef 1998) a s
pocatky mlécné produkce. LP se zfejmé rozsifila u populaci,
kter¢é ve své historii tradicn¢ konzumovaly nebo stale
konzumuji nefermentované mléko (Holden and Mace 1997;
McCracken 1971; Simoons 1970). LP je rovnéz piikladem
silné pozitivni selekce, kterd na jeji rozSifeni v nckterych
populacich pusobila (Bersaglieri et al. 2004; Enattah et al.
2008; Tishkoff et al. 2007). V severni Evropé mohl byt tento
pomaha suplovat absenci vapniku, kterd miize byt ve vyssich
zemépisnych Sitkach zplsobena nedostatkem slune¢niho osvitu
a tim padem nedostatkem vitaminu D ziskaného z prekurzort
v kiizi. Vitamin D totiz hraje vyznamnou roli v metabolismu
vapniku a avitaminéza mize byt pfi€nou kiivice a
osteomalacie. V aridnich oblastech mohlo byt pak mléko
vyhodnym zdrojem tekutin a kalorii, ¢imZ se schopnost
pfijimat jeho vétsi mnoZzstvi bez obtizi mohla stat vyhodnou
(Flatz and Rotthauwe 1973).

2. Cile prace
Vyzkumna ¢ast této prace byla zameétena na LP v jizni Arabii a
u africkych Arabi. Na Arabském poloostroveé je nejcastéjsi
pti¢inou LP mutace —13915*G a podle Enattah et al. 2008 a
Imtiaz at. al 2007 zde mohla i vzniknout a poprvé se rozsifit,
pravdépodobné v souvislosti s domestikaci velblouda a jeho



vyuzivanim pro mlé¢nou produkci (Enattah et al. 2008). Cile

prace jsou shrnuty do tif bodi:

1. Odhadnout alelickou frekvenci vSech pro-LP mutaci
V Arabii a u africkych Arabi. Zjistit zda vysledky budou
odpovidat dosavadni pfedstavé, ze nejcastéj$i variantou v
Arabii je —13915*G, u niz se predpoklada, ze se i1 zde
poprvé objevila (Enattah et al. 2008; Imtiaz et al. 2007)

2. Porovnat subsistenci a vyskyt pro-LP mutaci. Oveéfit
ptedpoklad, Ze vznik a Sifeni -13915*G souvisi
s domestikaci velblouda a jeho Sifenim do Afriky
kocovnymi beduiny.

3. Ur¢it dobu, kdy varianta —13915*G expandovala v Arabii
a u africkych Arabi, porovnat vysledky s historickymi
doklady.

3. Material a metody

Pii analyzach bylo pouZito celkem 620 vzorkd z tfinacti
populacnich soubortl, Sesti soubori z jizni Arabie — Jemenu a
Omanu a sedmi soubort africkych Arabl ze Stdanu, Egypta,
Cadu a Nigérie. VSechny vzorkované populace patii do
semitské vétve afroasijské jazykové rodiny. Zastoupeny byly
velbloudt a pastevci skotu.

K metodickym postupiim patfila izolace DNA tfemi
riznymi metodami v zdvislosti na typu sbéru (bukalni stéry,
komercni kity Oragene a Norgen). Dale PCR amplifikace
a sekvenace 359 bp tseku jez obsahuje vSech pét zndmych pro-
LP variant (Coelho et al. 2009). Pro zjisténi doby, kdy varianta
—13915*G expandovala v Arabii a u africkych Arabu, bylo
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analyzovana 6 SNP v 419 kb dlouhém tuseku v okoli oblasti s
pro-LP mutacemi (Heyer et al. 2011), k analyzam byla pouzita
metoda kvantitativni PCR — vysokorozliSovaci analyza kiivek
tani. PfiCemz primery byly navrzeny a protokoly
optimalizovany autorkou prace.

K vyhodnoceni vysledkt tykajicich se vyskytu pro-LP
mutaci byl pouzit program GeneAlex (Peakall and Smouse
2012) kurceni stafi expanze mutace pak metoda spojujici
odhad stafi alely a rychlosti ristu (Austerlitz et al. 2003),
pficemz haplotypy byly uceny programem PHASE 2.1
(Stephens and Scheet 2005; Stephens et al. 2001).

4. VysledKky a diskuze

U vsSech zkoumanych souborti byla identifikovana alela
—13915*G. Nejvyssi frekvence byla ur¢ena u Arabi Rasajda
(76 %) a u Omanci ze Zufaru (65,7 %) a dale u soubort
zapadniho Jemenu (59-65,1 %). U africkych Arabl, mimo
zminovanych Arabli RaSajda, byly nejvySsi frekvence této
mutace uréeny u Arabi Abbala z Cadu (44,4 %), Arabu
Baggara z Cadu (19,8 %) a Arabi Baggara ze Sudanu
(25,5%). U vétsiny soubord zjizni Arabie jsou frekvence
-13915*G vyssi nez u soubori africkych Arabu. Vyjimky tvofi
zminovani Arabové RaSajada ze Sudanu, a Jemenci
z Hadramawtu (vychodni Jemen), u kterych byla frekvence
—13915*G jen 25 %.

Arabové RaSajda pfisli z Ardabie do Afriky neddvno —
uvadi se po roce 1860 (Young 1996) a vysoka frekvence
—13915*G vice odpovida t€ém, co byly urCeny na Arabském
poloostrové i v ramci predchozich studii (Enattah et al. 2008;
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Imtiaz et al. 2007) pfedevsim v Satdské Arabii. Co se tyce
vyskytu jinych pro-LP mutaci, u soubord jizni Arébie
nachazime jen malé nebo zadné zastoupeni dalSich pro-LP
variant. Naproti tomu u souborti africkych Arabl, je
zastoupeno vice riznych pro-LP mutaci zaroven. Jedinou
vyjimku opét tvoii Arabové RasSajda, kde byla zaznamenéna
pouze —13915*G.

Soubor z vychodojemenské oblasti Haramawt je naopak
niz8i frekvenci —13915*G (25 %) bliz§i soubortim africkych
Arabt. Rovnéz ptedchozi studie ukazuji, ze i skladbou mtDNA
haploskupin  se  hadramawtsky soubor podoba vice
subsaharskym nez okolnim arabskym populacim (Prichodova
et al. 2017; Cerny 2016). Vysvétlenim mdaZe byt
i migrace africkych Zen z tzv. hadrami diaspor, zakladanych
v Africe i jinde (Manger 2010).

Fakt, Ze nevyss$i alelické frekvence —13915*G mezi
soubory africkych Arabl nalézame u pastevci velbloudi —
Arabi Abbala z Cadu (44,4 %) a Rasajda ze Sudanu (76 %)
muZe hovofit ve prospéch hypotézy, Ze vznik a Sifeni
—13915*G souvisi S domestikaci velblouda (Enattah et al.
2008). U Arabu Baggara, ktefi po své migraci do Afriky presli
k chovu hovéziho dobytka, jsou frekvence —13915*G nizsi
(19,8 % u Baggari ze Sudanu a 25,5 % u Baggart z Cadu).

Pro odhad veéku a rychlosti rastu —13915*G byly pouzity
jednak sloucené soubory: slouceni zapadni Jemenci a Arabové
Abbala slouceni s Araby Baggara, pro soubor Arabu Rasajda
byl pak vypocet proveden samostatné, stejné tak pro soubor
Omanct ze Zufaru. NejstarSi vék byl zjistén u populaci
zapadniho Jemenu 1 510 let (v intervalu 1 356-1 799 let) a u
Arabi Abbala a Baggara 1449 let (v intervalu 1274-1 782
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let). Nejnizsi odhad staii pak vySel podle o¢ekavani pro Araby
Rasajda 250 let (v intervalu 219-312 let) a ptekvapivé také
Omance ze Zufaru 276 let (v intervalu 214234 let).

Zjisténé vysledky mohou reflektovat historické udalosti.
V 6. stoleti n. 1. totiz doslo krozpadu jihoarabskych
karavannich kralovstvi a ¢ast beduinti, piepravujicich svymi
velbloudy kadidlo, myrhu a dal$i zbozi z jihoarabskych
pristavii ke Stfedozemi po sousi, pfiSla o svou pivodni obZzivu.
Produkce a konzumace velbloudiho mléka se tak pro né stala
dulezitéjsi nez dfive, coz se mohlo projevit iexpanzi
—13915*G. Od 7. stoleti n. 1. rovnéz zalinaji vyrazngjsi
migrace z Arabie do Afriky, s nimiz sem pravdépodobné, podle
historickyh prament, pfisli také predkové dneSnich Arabu
Abbala a Baggara.

Nizky v€k expanze mutace —13915*G jez byl spocten
u sudanskych Arabl Rasajda na 250 let, se rovnéz nerozchdzi
s historickymi fakty, nebot’ jejich pfedkové pfisli z Arabie do
Afriky po roce 1860 n. I. (Young 1996).

Zjistene vysledky tak ukazuji, jak lze diky genetické
podstaté LP sledovat kromé& subsistence 1 probéhlé migracni
trasy a genovy tok.

5. Zavéry

1. U vSech souborl jizni Arabie a africkych Arabii byla
nalezena pro-LP varianta —13915*G, pficemz v Arabii
byly jeji frekvence vyssi (56,9-65,7 %) nez u africkych
Arabt (1,4-44,4 %) s vyjimkou souborU Zz jemenského
Hadramawtu (25 %) a stidanskych Arabu Rasajda (76 %).
U africkych Arabu byl pak podil ostatnich pro-LP variant
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veétsi nez u souborl zjizni Arédbie. Vysledky jsou
v souladu s predchozimi studiemi a podporuji arabsky
puvod —13915*G.

U africkych Arabu chovajicich velbloudy nachazime vétsi
podil varianty —13915*G nez u africkych Arabu, ktefi
piesli k chovu hovéziho dobytka ¢i usedlému zeméd€lstvi.
Vysledky jsou Vv souladu s hypotézou 0 vzniku a rozsifeni
—13915*G v souvislosti s domestikaci a chovem velblouda
V Arébii a nasledné v Africe.

. Odhady véku expanze ukazuji, ze -13915*G se v
zapadnim Jemenu rozsifila pred ~1 500 lety, coZz souvisi
srozpadem karavannich kralovstvi vjizni Arabii v 6.
stoleti n. 1. Diky oslabeni obchodu, k némuz byli velbloudi
vyuzivéani, se jejich chov pteorientoval spiSe k mlécné
produkci. Vypoctena doba expanze —13915*G u Arabi
Abbala a Baggara — pied ~1 450 lety zfejmé poukazuje na
migrace z Arabie probihajici od 7. stoleti n. 1., v ramci
kterych predkové dneSnich Arabli Abbala a Baggara pfisli
do Afriky.
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1. Introduction

During the infancy, when new-borns depend on breast-feeding,
in an enzyme called lactase there is produced their small
intestine. Lactase cleaves the milk sugar called lactose to
galactose and glucose. After the weaning, the lactase
production declines. Consequently, consuming of larger
amounts of fresh milk may cause digestive problems as the
undigested lactase is cleaved by colonic bacteria and
metabolites may cause the osmotic imbalance in the colon.
Dairy products, which passed fermentation, do not provoke
these problems, because the lactose there is already cleaved. In
some human populations, it the ability to produce the lactase
throughout life is widespread. This phenomenon is called
lactase persistence (LP) (Swallow 2003). Worldwide
distribution of this trait is not uniform, the highest frequencies
are found in northern Europe and among pastoral tribes in arid
regions in Africa and the Arabian Peninsula. By contrast, in
southern Asia and among the Native Americans and the
Australians LP does not occur at all (Itan et al., 2010).

Lactase persistence is a genetically determined trait,
caused by a single nucleotide mutation (SNP) in the flanking
region of the lactase gene — in the intron 13 of MCM6 gene
(minichromosome maintenance gene 6). Interestingly, five
different SNPs are known to be responsible for LP and they
apparently emerged independently in different populations.
The —13,910*T mutation (the number means the distance in bp
upstream of the lactase gene) causes the LP in Europe (Enattah
et al. 2002), the —13,915*G is found in the highest frequency in
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the Arabian Peninsula (Enattah et al. 2008; Imtiaz et al. 2007),
The —13,907*G, —14,009*G and —14,010*C are most common
in Eastern Africa (Jones et al. 2015; Ranciaro et al. 2014,
Tishkoff et al. 2007).

The expansion of LP is linked with the origins of
agriculture 10,000 years ago in the Near East (Bar-Yosef 1998)
and the beginnings of milk production. LP apparently spread
among populations with a custom of milk production and those
who have traditionally consumed and sometimes still consume
unfermented milk (Holden and Mace 1997; McCracken, 1971,
Simoons 1970). LP is also an example of strong positive
selection, which occurred in some populations (Bersaglieri et
al. 2004; Enattah et al. 2008; Tishkoff et al. 2007). In northern
Europe, the selection could be caused by the advantage of
improved calcium absorption. The intake of large quantities of
milk helps to substitute the lack of calcium, which is in the
caused due to the lack of sunshine higher latitudes. Thus the
deficiency of vitamin D obtained from skin precursors may
develop and because vitamin D plays an important role in the
calcium metabolism, its deficiency may lead to rickets and
osteomalacia. In arid areas, milk could then be the good source
of fluids and calories, therefore the ability to accept its larger
quantities without difficulty could be advantageous (and Flatz
Rotthauwe 1973).

2. Aims of the study

The research part of this work is focused on the LP in southern
Arabia and in the African Arabs. The —13,915*G is the most
common cause of the LP in the Arabian Peninsula which is the
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place of its origin as well (Enattah et al. 2008, Imtiaz et. al
2007). It is possible that its origin is related to the
domestication of camels for milk production.

The goals of the study are summarized in three points:

1. Estimating the allelic frequencies of the LP mutations
in Arabia and in the African Arabs. Determining if
results correspond to the existing finding that the —
13,915*G is the most common variant in Arabia, where
it probably first appeared (Enattah et al. 2008; Imtiaz et
al. 2007)

2. Comparing the subsistence and the incidence of the LP
mutations. Verifying the assumption that the emergence
and the spread of the —13,915*G is related to the
domestication of camels and its spread to Africa led by
the nomadic Bedouins.

3. Determining when the —13,915*G expanded in Arabia
and in the African Arabs, comparing results with
historical facts.

3. Material and methods

A total of 620 samples from thirteen population samples, six
population samples from southern Arabia — Yemen and Oman
and seven population samples of the African Arabs from
Sudan, Egypt, Chad and Nigeria were used for the analyses.
All sampled populations belong to the Semitic branch of the
Afro-Asiatic language family. The samples consist of the
populations of sedentary farmers and nomads — both camel and
cattle herders.
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Used methods contained the isolation of DNA using three
different methods depending on the type of the collection
(buccal swabs, commercial kits — Oragene, Norgen). Further,
a PCR amplification and sequencing of 359 bp fragment which
contains all five known LP-variants was performed (Coelho et
al. 2009). To determine the time of expansion of the -
13,915*G in Arabia and in the African Arabs, the 6 SNPs in
419 kb long stretch around the LP mutations were analysed
(Heyer et al. 2011). A method of quantitative PCR called
“High resolution melting” was used for this analysis. Primers
were designed and protocols were optimised by the author.

Results concerning the incidence of the LP mutations were
evaluated using the GeneAlex software (Peakall and Smouse
2012). The age of expansion of the mutation was determined
by the method joining estimation of the allele age and its
growth rate (Austerlitz et al., 2003). Haplotypes were estimated
by the program PHASE 2.1 (Stephens and Scheet 2005;
Stephens et al. 2001).

4. Results and discussion

The —13,915*G was identified in all the population samples.
The highest frequency was found in the Rahaayda Arabs (76%)
and the Omanis from Dhofar region (65.7%), followed by the
western Yemenis (59-65.1%). The highest frequency of this
mutation in the African Arabs (except of the mentioned
Rahaayda) were found in the Abbala from Chad (44.4%), the
Baggara from Chad (19.8%) and the Baggara from Sudan
(25.5%). The frequencies of the —13,915*G were higher in
most samples from southern Arabia than in the samples of
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African Arabs. The exceptions are the mentioned Rashaayda
Arabs from Sudan, and the Yemenis from Hadramawt (eastern
Yemen), where the frequency of —13,915 *G is only 25%.

The Rashaayda Arabs came from Arabia to Africa
recently, only after 1860 (Young, 1996). High frequency of the
—13,915*G found here corresponds more to frequencies in the
Arabian Peninsula, also reported by previous studies (Enattah
et al. 2008; Imtiaz et al. 2007). Regarding the incidence of the
other LP mutations in South Arabia, it was found little or
absence of the other LP variants. In contrast, several LP
mutations were represented simultaneously in the population of
African Arabs. The only exception is again the Rashaayda
Arabs with only the -13,915*G. The eastern Yemeni
Haramawt are closer to the African Arabs due to lower
frequency of —13,915*G (25%). Also, previous studies showed
that even a composition of Haramawt’s mtDNA haplogroups
resembles rather to sub-Saharan populations than surrounding
Arabic populations (Prichodova et al. 2017; Cerny 2016). This
can be explained by immigration of African women from so-
called Hadrami diasporas which were set up in Africa and
elsewhere (Manger 2010).

The highest allelic frequency of —13,915*G of the African
Arabs was identified in the Abbala from Chad (44.4%) and the
Rashaayda from Sudan (76%). These two populations are
camel herders. Such results correspond to the hypothesis that
the emergence and spread of the —13,915*G is related to the
domestication of camels (Enattah et al. 2008). The frequencies
of the —13,915*G in Baggara Arabs are lower (19.8% in the
Sudanese Baggara and 25.5% in the Chadic Baggara) and are
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explained via switching to the cattle herding after their
migration to Africa.

In order to estimate the age and the growth rate of the
—13,915*G, merged population samples were used: the merged
western Yemenis and the Abbala Arabs merged with the
Baggara Arabs. For Rashayda Arabs the calculation was
performed separately, as well as for the Omanis from Dhofar.
The oldest age was determined in western Yemen 1,510 YBP
(range 1,356-1,799 YBP) and in the Abbala and Baggara
Arabs 1,449 YBP (range 1,274-1,782 YBP). The lowest age
was obtained for the Arabs Rashaayda 250 YBP (range 219—
312 YBP) and the Omanis from Dhofar 276 YBP (range 214—
234 YBP). These results reflect the historical events. In the 6th
century the Southern Arabian Caravan Kingdoms collapsed
and part of the Bedouins that used their camels for transport of
frankincense and myrrh from southern Arabia, have lost their
original livelihood. Therefore, the production and the
consumption of camel milk may have started to be more
important than before and is reflect in the expansion of the
—13,915*G. The migrations from Arabia to Africa have begun
from the 7th century AD, within which the ancestors of today's
Abbala and Baggara Arabs probably came. Early age of the
expansion of the mutation —13,915*G obtained in the Sudanese
Rashaayda Arabs is only 250 YBP, which corresponds to
historical facts, since their ancestors came from Arabia to
Africa after 1860 AD (Young 1996).

Results show that the research of the LP provide not only
information about the population subsistence, but also about
the past migration routes and gene flow.
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1.

5. Conclusions

The LP mutation -13,915*G was found in all the
population samples from southern Arabia and the African
Arabs. The samples from Arabia have higher frequency
(56.9 to 65.7%) than African Arabs samples (1.4 to
44.4%), with the exception of the Yemenis Hadramawt
sample (25%) and the Sudanese Rashaayda Arabs (76%).
For the African Arabs was the proportion of other LP
variants larger than for the population samples from
southern Arabia. Results are consistent with previous
studies and support Arab origin of the mutation —
13,915*G.

Higher frequency of the -13,915*G was found in the
African Arabs, who are camel herders, rather than in the
African Arabs, who switched to cattle herding or sedentary
agriculture. Results are in agreement with the hypothesis
of the origin and expansion of the —13,915*G is connected
with the camel domestication in Arabia.

The age estimation shows that the —13,915*G in western
Yemen spread ~1,500 years ago, which may be associated
with the collapse of the Southern Arabian Caravan
Kingdoms in the 6th century AD. The caravan trade based
on camel workforce weakened and the camel herders
switched more to dairy production. The obtained age of the
expansion of the —13,915*G in the Abbala and the Baggara
Arabs is ~1,450 years ago, this date is consistent with
migrations from Arabia since the 7th century A.D. when
ancestors of today’s Baggara and Abbala Arabs arrived in
Africa.
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