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ABSTRACT Nigeria is a country located within the sub-Sahara region of Africa with four main geographical regions
of diverse human population and ethnicity yet little is known about the evolutionary trait of these populations. As
such, the Alu PV92 insertion polymorphism was used to depict the evolutionary and ancestral trait among the four
main populations in Nigeria. Samples were obtained from 149 individuals from the four populations and DNA was
extracted from their cheek cells. Alu PV92 DNA sequence was amplified by PCR and visualized on a 1.5 percent
agarose gel for Alu insertion polymorphism. Among the 149 individuals, the frequency of Alu insertion (+) alele was
21 (7.05%) in the entire population and was predominant in the ljaw-lbibio population (4.36%). The Hardy-
Weinberg equilibrium was not violated for the entire study population (p>0.05) suggesting that Alu polymorphism was
responsible for the evolution of the population. The average heterozygosity (0.1191) and the Gst (0.0846) were
relatively low compared to other populations predicting a low degree of interpopulation differentiation or diversity.
Phylogenetic analysis showed the |jaw-Ibibio population to exhibit the highest genetic distance from other populations
suggesting ljaw-1bibio as the ancestral population. In conclusion, the four main populations of Nigeria were found to
be closely related with a low level of genetic diversity except for the ljaw-Ibibio population which showed the highest

interpopulation differentiation and thus considered to be the ancestral population.

INTRODUCTION

Nigeriais a country located in the African
continent within the sub-Sahara region at the
Gulf of Guineawith adiverse human population
and ethnicity. The earliest cultural populationin
Nigeriaisbelieved to bethe Nok peopleidentifi-
able by their distinctive artifacts (Falola 1999).
These skilled artisans were iron workers who
habited alarge area above the confluence of the
Niger and Benue rivers between the fourth cen-
tury B.C. and the second century A.D (Douglas
2004). Following the disappearance of the Nok
people for over thousands of years, powerful
kingdoms emerged within the region which
formed the roots of some of the cultural groups
existing in Nigeria today (Falola 1999). These
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early states induced the Yoruba kingdoms in
Yorubaand the Edo Kingdom of Beninin South-
West Nigeria, the Hausa Fulani citiesand Nape.
The earliest of the Nigerian Kingdoms, Kanem
and Borno werelocated near L ake Chad in North-
East Nigeria (Falola 1999). Today these king-
doms have segregated into four major geograph-
ical-ethnic populations principally the South-
West (SW) region made up of the Yorubas, the
South-East (SE) region dominated by the Igbos,
the Northern (NO) region inhabited by individu-
asof Hausa-Fulani originsand the South-South
(SS) region dominated by the ljaw-Ibibios (Fig.
1). With this diversity, the evolution of Nigeria
population still remainsunclear.

Human genetic variations among individu-
als may be useful to give an insight and under-
standing of the evolution and migration patterns
of populations. Generally, several genetic mark-
ers have been used to study population diversi-
ty and evolution. Genetic variants or polymor-
phisms that are found at loci or genes that code
for expressible products are usually not very
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Fig. 1. Four major populations in Nigeria

suitable for evolutionary studies since they are
usually internally regulated. On the other hand,
allelic polymorphisms, especially those found
in non-coding regions of the human genome are
usually not internally regulated and thus, more
likely to be evolutionarily neutral and suitable
for genetic evolutionary studies. Several genet-
ic insertion/del etion polymorphic markershavebeen
identified in the non-coding region of the human
genome among which is the Alu sequences.
The Alufamily isone of the most successful
mobile genetic elements with acopy number of
over 50,000 within the human genomewhichis
believed to have accumul ated in approximately
65 million yearsof primate evolution (Ray et al.
2005; Schmid and Maraia 1992; Deininger and
Batzer 1993). These Alu elementslocated in non-
coding regions (intergenic spacers and introns)
wereoriginally identified about 45 years ago as
a component in the human DNA renaturation
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curve which possessed the Alu | restriction sites
(Tripathi et al. 2008). Alu elements are approxi-
mately 300 bp long followed by atail of 20-30
adenosine bases and found to be ancestrally
derived from 7SL RNA gene, which formsapart
of the ribosome complex and mobilize through
an RNA polymerase Il1-derived transcript in a
processtermed “ retroposition” (Deininger 2011).
Based on the mutation pattern of Alu sequenc-
eswithin the human genome, several sub-groups
of related elements have been identified. One of
such groups of Alu elements within the human
genome is the human- specific (HS) group also
known asthe predicted variant (PV) group (Car-
rol etd. 2001; Batzer et d. 1990; Batzer and Deininger
1991).

The level of Alu transposition has changed
over time, ranging from asingle novel jumpin
every live birth, earlier in primate evolution, to
about one in every 200 new-borns in present
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days (Comas et a. 2001; Rowold and Herrera
2000). Oneor several of the Alu*“chiefs’ or “mas-
ters” are capable of jumping or transposing pe-
riodically (Micklos et al. 2013). Therefore, all
primatesthat show an Alu insertion at aparticu-
lar locushave inherited it from acommon/shared
ancestor. Thisisreferred to as ‘identity by de-
scent’ (Micklos et al. 2013). Because Alu ele-
ments caninsert at alocus, copy itself for trans-
position and remain stable through evolution-
ary time from one generation to another, it has
been considered suitable for population genet-
ics and phylogenetic studies (Xing et al. 2005;
Salem et al. 2003; Batzer and Deininger 2002).
More so, since thedistribution of these elements
vary in geographically distinct human popula-
tions, it can serveasauseful genetic DNA mark-
er to study human populations and their evolu-
tionary relationship.

Objectives

This study was aimed to assess the evolu-
tionary relationship of four major populationsin
Nigeriausing Alu PV92 insertion polymorphism.

MATERIAL AND METHODS
SampleCollection and DNA | solation

Individualsfrom four major geographical re-
gionsof Nigeriawererandomly recruited for the
study after their consent was obtained. The
cheek cells of the mouth were extracted with 0.9
percent saline solution whereby each participant
gaggled saline solution without swallowing for
30 to 60 seconds. After the mouth wash, the
resultant sol ution mixed with salivawasexpelled
into a5 ml Agary non-vacuum plain steriletube.
DNA was extracted from the cheek cells using
Bio-Rad PV92 DNA extraction kit according to
manufacturer’s protocol.

PCR Amplification

PCR was performed with forward primer: 52 -
AACTGGGAAAATTTGAAGAGAAAGT-32
andreverseprimer: 52-ATGGATGTAGTTGGT-
GTCATGGTCA-32. The PCR cocktail contained
25 ul of onetag quick-load 2x master mix with
standard buffer (New England Biolab (NEB),
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USA), 1 pl (10 uM) each of the forward and re-
verse primers (Ingaba-Biotech, South Africa), 3
ul of nuclease free water and 20 pl of genomic
DNA toafinal volumeof 50 pL. The PCR ampli-
fication was done using aMiniJet thermal cycler
(Biorad, USA) and started with a pre-denatur-
ation step at 94°C for 2 min, followed by 40 cy-
cles of denaturing step at 94°C for 30 sec, an-
nealing at 60°C for 30 sec, and elongation at
72°C for 1 min with a final elongation step at
72°Cfor 5 min. The PCR ampliconswere sepa-
rated on 1.5% agarose gel electrophoresisat 100
voltsfor 30 min. The PV92 homozygous (+/+),
PV92 homozygous (-/-) and PV92 heterozy-
gous (+/-) controls sampleswereamplified along
with the participants’ samples.

DataAnalysisand I nter pretation

The Hardy-Weinberg equation (p? + 2pq +
¢? = 1) was used to determine the expected ge-
notypic frequencies (EF) and was compared with
the observed genotypic frequencies (OF) for the
various regional populations to test for Hardy-
Weinberg equilibrium (HWE) using the chi-
square (y?) test. Chi-squarevalue>5.991 from
the critical table of 2 distribution with adegree
of freedom of 2 was considered to be statistical-
ly significant (p < 0.05) and thusHWE wasvio-
lated. Heterozygosity (Het) was calculated us-
ing 2pq from the Hardy-Weinberg equation and
the average heterozygosity (avg.Het) deter-
mined, where p isthefrequency of the Aluinser-
tion (+) allele and g the frequency of the non-
Aluinsertionalele(-).

The G, values, ameasure of therelative mag-
nitude of genetic differentiation among popula-
tions was calculated according to the equation
of Nei (1987) asG, = M*291% \where Hetisthe
heterozygosity of the'total popul ation and
avg.Het is the average heterozygosity.

The genetic distance was calculated as the
differences of Alu insertion allelic frequencies
between the various populations and was used
to draw the phylogenic tree using the Minimum-
evolution tree program of the Molecular Evolu-
tion GeneticAnalysis(MEGA) software version
7.026.

To assess the relative amount of gene flow
observed in the population, a plot of heterozy-
gosity against distance from the centroid of each
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population was done as described by Harpend-
ing and Ward (1982). Heterozygosity was the
usual expected heterozygosity under HWE, and
the distance from the centroid ri for a popula-
ti(?’;iw_g)zwas determined using the equation ri =
—motp Wherepi and P arethefrequenciesof the
Alu insertion in population i and total popula-
tion respectively. Under anisland model of pop-
ulation structure according to Harpending and
Ward (1982), there should be alinear relation-
ship between the theoretical heterozygosity and
distance fromthe centroid. Theoretical heterozy-
gosity (hi) wasthus calculated ashi = nHet (1 -
ri), where hi isthetheoretical heterozygosity of
population i and nHet isthe expected heterozy-
gosity of the total population. The outliers of
this plot are of particular interest in this analy-
sis such that plots above the theoretical het-
erozygosity are populations that have experi-
enced more gene flow than average and those
that fall below the theoretical heterozygosity
are populationsthat have experienced lessgene
flow than average.

RESULTS
Genetic Variation within the Population

Sampleswere obtained from 149 individuals
of the four ethnic populations (Hausa-Fulani,
Yoruba, ljaw-Ibibio and Igbo) in Nigeriaand suc-
cessfully amplified for Alu PV92 gene (Fig. 2).
The homozygous Alu insertion genotype (+/+)
was present in 7 (4.70%) of the study partici-
pants, the heterozygous Alu genotype (+/-) was
present in 7 (4.70%) of theindividualswhile 135
(90.60%) were homozygous with no Alu inser-
tion genotype (-/-). Thus, the frequency of the
Alu insertion alele (+) was 21 (7.05%) in the
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entire population and was predominant in the
Ijaw-1bibio population 13 (4.36%) (See Table 1).

S04 S05

M ) +5 s

S0 =3

s4lbp
6albp

Fig. 2. Electrophoregram of the Alu PV92 sequence
amplification.

Legend: (-/-) indicates the control for the homozygous
Alu non- insertion genotype while (+/-) indicates the
control for heterozygous Alu genotype. S01, S02, S04
and S05 indicate samples which are homozygous for Alu
non insertion genotype (-/-) while S03 is a heterozygous
Alu genotype (+/-). M indicates 100bp molecular weight
marker and S indicates sample

Evaluating the population for the HWE
showed no significant differences (p>0.05) be-
tween the observed and expected genotype fre-
guenciesfor the Hausa-Fulani, Yorubaand | jaw-
Ibibio populations indicating that Hardy-Wein-
berg equilibrium was not violated in any of these
three populations. However, the HWE wasvio-
lated (p<0.025) for the Igho population. More-
over, the HWE was not violated (p>0.05) in the
entire population (See Table 2). The heterozy-
gosity wasfairly different among the four popu-
lations ranging from alow of 0.0525 in the Igbo
population to ahigh of 0.2465 in the ljaw-Ibibio
population and the average heterozygosity
(avg.Het) was0.1191 (see Table 3).

Genetic Differ entiation among Populations

To examinethe amount of genetic differentia-
tion among the four populations, Gst value (a

Table 1: Genotype and allele frequencies of the various populations in Nigeria

Populations n (%) +/+ (%) -1- (%) +/- (%) + (%) -(%) Total (%)
Hausa-Fulani 47 (31.54) 1 (0.67) 44 (29.53) 2 (1.34) 4 (1.34) 90 (30.20) 94 (31.58)
Yoruba 20 (13.42) 1 (0.67) 19 (12.75) 0 (0.000 2 (0.67) 38 (12.75) 40 (13.42)
lljaw-Ibibio 45 (30.20) 4 (2.68) 36 (24.16) 5 (3.36) 13 (4.36) 77 (25.84) 90 (30.20)
Igbo 37 (2480) 1 (0.67) 36 (24.16) O (0.00) 2 (0.67) 72 (24.16) 74 (24.83)
Total 149 (100.00) 7 (4.7) 135 (90.6) 7 (4.70) 21 (7.05) 277 (92.95) 298 (100.00)

Legend: n: population number, +/+: homozygous Alu insertion genotype, -/-: homozygous Alu non-insertion
genotype, -/-: heterozygous Alu genotype

Int J Hum Genet, 20(2): 47-54 (2020)
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Table 2: Observed and expected genotype frequencies to test Hardy-Weinberg Equilibrium

Populations Freq. +/+ (n) -/- (n) +/- (n) Total xn» p-value

Hausa-Fulani OF 0.021 (1) 0.936 (44) 0.042 (2) 47 4.6301 <0.1
EF 0.0019 0.9158 0.0842

Yoruba OF 0.050 (1) 0.950 (19) 0.000 (0) 20 1 <0.5
EF 0.0025 0.9025 0.095

ljaw-1bibio OF 0.089 (4) 0.80 (36) 0.111 (5) 45 0.2495 <0.9
EF 0.0207 0.7327 0.2465

Igbo OF 0.027 (1) 0.973 (36) 0.000 (0) 37 8.2916 <0.025
EF 0.0007 0.9467 0.00525

Nt OFt 0.047 (7) 0.906 (135) 0.047 (7) 149 0.0793 <0.9
EFt 0.0949 0.8639 0.1311

Legend: Nt: Total population, OF: Observed Frequency, EF: Expected Frequency, OFt: total Observed Frequency,
EFt: total Expected Frequency, Freg.: frequency, C% Chi-square test

measure of theinterpopulation variability) for Alu
insertion wasdetermined asshownin Teble 3. The
Gst was0.0846 and differed significantly from zero,
as judged by contingency chi-square analysis of
theallelefrequencies. Hence, thefour populations
aredifferent or diversewith respect tothefrequen-
ciesof the Alu insertion polymorphism.

To investigate the evolutionary relationship
of these popul ations, amaximum-evolution tree
was constructed directly from the genetic dis-
tance of Alu insertion alelic frequencies. The
ljaw-Ibibio population was shown to have the
highest genetic distance (Table 4) and farthest
away from the other regional populationswhile
the Hausa-Fulani and Igbo populations clus-
tered as shown in the phylogenetic tree (Fig. 3).

GeneFlow within Populations

To determinetherel ative amount of geneflow
experienced by each population, we calculated

Hausa-Fulani

Igbo

Yoruba

ijaw-ibibio

Fig. 3. Phylogenetic tree of the four ethnic
populations of Nigeria

the expected and theoretical heterozygosity of
each population and the distance from the cen-
troid as shown in Table 3 and evaluated their
relationship as previously described by
Harpending and Ward (1982). A plot of heterozy-

Table 3: Heterozygosity of the study population and distance from the centroid

Populations No. of Alu (+) of Alu Alu (-) Alu (-) Het r h.
alleles allele (+) allele allele allele
freq. freq.
Hausa-Fulani 94 4 0.043 90 0.957 0.0823 0.0112 0.1286
Yoruba 40 2 0.05 38 0.95 0.095 0.0061  0.1293
ljaw-1bibio 90 13 0.144 77 0.856 0.2465 0.0841 0.1192
Igbo 74 2 0.027 72 0.973 0.0525 0.0284 0.1264
Nt 298 21 0.07 277 0.929 0.1301
nHet 0.1301
avg. Het 0.1191
G 0.0846

st

Legend: Nt: Total population, avg.Het: average heterozygosity, Het: heterozygosity of the total population. Gst:
measure of interpopulation differentiation, ri: distance from the centroid, hi: theoretical heterozygosities of

population i , freq: frequency.
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Table 4: Genetic distance between regional popula-
tions of Nigeria

Hausa-  Yoruba ljaw-  Igbho
Fulani Ibibio
Hausa-Fulani 0
Yoruba 0.007 0
ljaw-1bibio 0.101 0.094 0
Igbo 0.016 0.023 0.117 0

gosity versus distance from the centroid for the
four populations in Nigeria showed only Ijaw-
Ibibio population to be above the line of the
predicted value (theoretical heterozygosity)
whilethe Hausa-Fulani, Yorubaand Igbo popu-
lations were below the line of theoretical het-
erozygosity (SeeFig. 4).

B Linear = 1 000

12780

i
[14) AusoBAzossay jeanuoay |

Expected heterozygosity (HET)
]

00000 2000 4000 2000 0000 10000
Distance from centroid (r}

Fig. 4. Gene flow of populations in Nigeria
Legend: The numbers in the figure indicates the four
different populations in Nigeria. 1: Hausa-Fulani, 2:
Yoruba, 3: Ijaw-lbibio, 4: Igho

DISCUSSION

Alu insertion polymorphic sequences are
known to have originated from common ances-
tral master genes since the primordial time of
human existence and have been transmitted from
one generation to another (Terreroset al. 2009).
Because of their ability to transpose within the
human genome, Alu insertion polymorphic se-
guences can serve as a unique source of nucle-
ar genetic variability to study human popula-
tion (Roy-Engel et al. 2001; Salem et al. 2003).
More so, Alu polymorphism which isduetoin-
sertion of the element in the genome is consid-
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ered as aforward mutation thereby facilitating
an accurate estimation of the root in phyologe-
netic tree of population relationships (Batzer et
al. 1994). In thisstudy we assessed the Alu PV92
polymorphismin four Nigerian populations; the
Hausa-Fulani, Yoruba, I gbo and |jaw-1bibio pop-
ulations. Alu insertion polymorphism was
present in al four populations and greatest in
the ljaw-1bibio population. Hardy-Weinberg
equilibrium (HWE) wasnot violated in the Hausa
Fulani, Yorubaand ljaw-Ibibio popul ations sug-
gesting that this population may have evolved
through natural selection process. Though,
HWE was violated in the Igbo population prob-
ably suggesting that this population might have
evolved through non-random mating or by mu-
tations other than the Alu polymorphism, the
fact that the HWE was not violated in the entire
population suggests that the Alu polymorphism
may be responsiblefor the evolution and diver-
sity of the entire populationsin Nigeria.
Heterozygoisity was highest in the ljaw-I bi-
bio population (0.2465) but the average het-
erozygosity of the Nigeria population was|ower
(0.1191). Though low, this heterozygosity was
high when compared to that of astudy by Batzer
et a. (1996) which showed Nigeria to have a
heterozygosity of 0.091 for Alu PV92. Thissug-
gests that interpopulation breeding in Nigeria
may haveincreased in recent timeto exhibit such
increase in genetic diversity. Also, the G_ for
Aluinsertion was 0.0846 and different from zero
thus depicting somelevel of interpopul ation dif-
ferentiation or diversity. However, thisvalueis
comparably lower than that of other regions
acrosstheworld (Panjaliyaet al. 2010; Batzer et
al. 1996; Stoneking et al. 1997) suggesting that
these four populations in Nigeria are not very
diverse compared to other populations across
the globe (Chinniah et al. 2016). Moreover, this
G, is higher than that of other populations
acrosstheglobe (Chinniah et al. 2016; Panjaliya
etal. 2012; Litvinov et a. 2008) suggesting that
Nigeria shows some degree of diversity com-
paratively higher than that of some populations
intheworld. Theminimum- evolutiontreewhich
showed the genetic distance between popula-
tions was used to evaluate the evolutionary re-
lationship between the four populations. The
phylogenetic tree showed Hausa-Fulani and Igbo
populationsto be closely related whilethe Ijaw-
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Ibibio and Igbo populations showed the largest
genetic distance between them. The ljaw-Ibibio
population showed the largest genetic distance
thus was farthest apart from the other popula-
tions, indicating the highest level of variability
compared to other populations. This suggests
the Ijaw-1bibio population to be the possible an-
cestral origin of human population in Nigeria.
The gene flow of the populations was investi-
gated to further confirm this possibility by eval-
uating the relationship between the heterozy-
gosity and the distance from the centroid. A plot
of heterozygosity against distance from the cen-
troid showed the Igbo, Yoruba and Hausa-Fu-
lani populations to have a heterozygosity be-
low the predicted value (theoretical heterozy-
gosity) whileonly the ljaw-Ibibio popul ation was
found to be above the predicted value indicat-
ing that the ljaw-1bibio population had the great-
est level of geneflow in the popul ation and thus
affirm the ljaw-Ibibio population as the ances-
tral population of Nigeria which other popula-
tions may have evolved.

CONCLUSON

The four main populations of Nigeriawere
found to be closely related with low level of ge-
netic diversity except for ljaw-Ibibio population
which showed the highest interpopulation dif-
ferentiation. Assuch, theljaw-Ibibio population
may be considered to be the ancestral popula-
tion of Nigeria. This study further supports the
use of polymorphic Alu insertions to assess the
direction of the evolutionary history of popula-
tion groups and providesinformation about their
diversity and relatedness. Though a few stud-
ies have used Alu polymorphism to assess the
evolutionary relationship between Nigeria and
other populations across the world, this is the
first study to evaluate the interpopulation rela-
tionship within Nigeria. However, being apilot
study, the small sample size may be limiting to
generalization. Thus, thisfinding may serveasa
baseline for further studies within the Nigerian
population.

REFERENCES

Batzer MA, Arcot SS, Phinney JW, Alegria-Hartman
M, Kass DH, Milligan SM, Kimpton C, Gill P, Hoch-

Int J Hum Genet, 20(2): 47-54 (2020)

meister M, loannou PA, Herrera RJ, Boudreau DA,
Scheer WD, Keats BB, Deininger P L, Stoneking M
1996. Genetic variation of recent Alu insertions in
human populations. J Mol Evol, 42: 22-29.

Batzer MA, Deininger PL 1991. A human-specific sub-
family of Alu sequences. Genomics, 9: 481-487.
Batzer MA, Deininger PL 2002. Alu repeats and hu-

man genomic diversity. Nat Rev Genet, 3: 370-379.

Batzer MA, Kilroy GE, Richard PE, Shaikh TH, Des-
selle TD, Hoppens CL, Deininger PL 1990. Struc-
ture and variability of recently inserted Alu family
members. Nucleic Acids Res, 18: 6793-6798.

Batzer MA, Stoneking M, Alegria-Hartman M, Bazan
H, Kass DH, Shaikh TH, Novick GE, loannou PA,
Scheer WD, Herrera RJ, Deininger PL 1994. African
origin of human-specific polymorphic Alu insertions.
Proc Natl Acad Sci USA, 91: 12288-12292.

Carrol ML, Roy-Engel AM, Nguyen SV, Salem A-H,
Vogel E, Vincent B, Myers J, Ahmad Z, Nguyen L,
Sammarco M, Watkins WS, Henke J, Makalowski
W, Jorde LB, Deininger PL, Batzer MA 2001. Large-
scale analysis of the Alu Ya5 and Yb8 subfamilies
and their contribution to human genomic diversity.
J Mol Biol, 311: 17-40.

Chinniah R, Vijayan M, Thirunavukkarasu M, Mani D,
Raju K, Ravi PM 2016. Polymorphic Alu insertion/
deletion in different caste and tribal populations from
South India. PLoS ONE, 11(6): e0157468.

Comas D, Plaza S, Calafell F, Sgjantila A, Bertranpetit
J 2001. Recent insertion of an Alu element within a
polymorphic human-specific Alu insertion. Mol Biol
Evol, 18: 85-88.

Deininger P 2011. Alu elements: Know the SINEs.
Genome Biol, 12: 236.

Deininger PL, Batzer MA 1993. Evolution of retro-
posons. Evol Biol, 27: 157-196.

Douglas AP 2004. Nigeria. Philadelphia: Chelsea House
Publisher.

Falola T 1999. The History of Nigeria (Greenwood
Histories of the Modern Nations). London, United
Kingdom: Greenwood Publishing Group.

Harpending HC, Ward RH 1982. Chemical systematics
and human populations. In: M Nitecki (Ed): Bio-
chemical Aspects of Evolutionary Biology. Chicago:
University of Chicago Press, pp. 213-256.

Litvinov S, Kutuev |, Yunusbayev B, Khusainova R,
Valiev R, Khusnutdinova E 2008. Alu insertion poly-
morphisms in populations of the South Caucasus.
Balkan J Med Gen, 11(2): 25-30.

Micklos D, Nash B, Hilgert U 2013. Genome Science:
A Practical and Conceptual Introduction to Molec-
ular Genetic Analysis in Eukaryotes. New York: Cold
Spring Harbor Laboratory Press.

Nei M 1987. Molecular Evolutionary Genetics. New
York: Columbia University Press.

Panjaliya RK, Dogra V, Kumar P, Gupta S 2012. Hu-
man- specific Alu insertion/deletion polymorphisms
in various population groups of Jammu Region. Int J
Hum Genet, 12: 311-317.

Panjaliya RK, Kumar P, Dogra V, Gupta S 2010. Hu-
man-specific Alu insertion/deletion polymorphism
in Gujjar Population of Jammu Region of (J and K)
State. Biomed Pharmacol J, 3: 111-115.



54 ONYIA OBY CHRISTIE, OBIH EKENE CHOSEN, BASSA JOSHUA SAMUEL ET AL.

Ray DA, Xing J, Hedges DJ, Hall MA, Laborde ME,
Anders BA 2005. Alu insertion loci and platyrrhine
primate phylogeny. Mol Phylogenet Evol, 35: 117—
126.

Rowold D, Herrera RJ 2000. Alu elements and the hu-
man genome. Genetica, 108: 57—72.

Roy-Engel AM, Carroll M, Vogel E 2001. Alu insertion
polymorphisms for the study of human genomic
diversity. Genetics, 159: 279-290.

Salem AH, Kilroy GE, Watkins WS, Jorde LB, Batzer
MA 2003. Recently integrated Alu elements and hu-
man genomic diversity. Mol Biol Evol, 20: 1349-
1361.

Schmid CW, Maraia R 1992. Transcriptional regula-
tion and transpositional selection of active SINE
sequences. Curr Opin Genet Dev, 2: 874-882.

Stoneking M, Fontius JJ, Clifford S L, Soodyall H, Ar-
cot SS, Saha N, Jenkins T, Tahir MA, Deininger PL,

Int J Hum Genet, 20(2): 47-54 (2020)

Batzer MA 1997. Alu insertion polymorphisms and
human evolution: Evidence for a larger population
size in Africa. Genome Res, 7: 1061-1071.

Terreros CM, Alfonso-Sanchez MA, Novick GE, Luis
JR, Lacau H, Lowery RK, Regueiro M, Herrera RJ
2009. Insights on human evolution: An analysis of
Alu insertion polymorphisms. J Hum Genet, 54:
603-611.

Tripathi M, Chauhan UK, Tripathi P, Agrawal S 2008.
Role of Alu element in detecting population diversi-
ty. Int J Hum Genet, 8(1-2): 61-74.

Xing J, Wang H, Han K, Ray DA, Huang CH, Chemnick
LG 2005. A mobile element based phylogeny of Old
World monkeys. Mol Phylogenet Evol, 37: 872—
880.

Paper received for publication in November, 2019
Paper accepted for publication in January, 2020



