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Abstract: The aim of the present study is the assessment of the utility of Alu insertions in forensic DNA typing within the 

South Moroccan population. We report on a comprehensive study of seven loci of interest due to the insertion or the dele-

tion of human-specific Alu fragments. The study was carried out on 215 unrelated healthy individuals, including five 

Souss Berber groups and one Saharawi. The accurate genotype frequency data and other genetic parameters of forensic in-

terest were obtained. The frequencies of the Alu insertion in the total sample population were found to be 0.176 (ACE), 

0.455 (TPA25), 0.196 (PV92), 0.697 (APO), 0.267 (FXIIIB), 0.373 (B65) and 0.804 (HS 3.23). The power of discrimina-

tion ranged from 0.4540 for ACE to 0.6223 for TPA25. The power of exclusion for these seven loci ranged from 0.1240 

to 0.1865. The combined discrimination power and the joint power of exclusion were respectively 0.9959 and 0.6910. The 

results indicated that the application of Alu insertion polymorphism will assist in forensic identification and paternity test-

ing that is performed by current STR technology. 
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1. INTRODUCTION 

 Forensic identification and paternity testing are routinely 
performed using Short Tandem Repeat (STR) or Variable 
Number Tandem Repeat (VNTR) techniques. Their high 
capacity discriminating power is related to the polymor-
phism of each locus and is their principal advantage [1]. Re-
cently, the Single Nucleotide Polymorphisms (SNPs) tech-
nique has found its use in forensic testing. Despite the fact 
that they are biallelic and, therefore, of limited discrimina-
tory value, SNPs are developed as an alternative to the clas-
sical markers, as they present several attractive features     
[2- 4].  

 The Alu fragments are abundant in the human genome, 
with more than 1 million copies comprising 11% of the total 
human genome sequence [5]. Alu elements are stable inser-
tion and their presence represents identity by descent. The 
ancestral state of an Alu insertion is known with certainly to 
be the absence of the Alu element at a particular locus [6]. 
Polymorphisms were easy to genotype in a format consisting 
of the presence or absence of an Alu element at a particular 
locus. Alu insertion polymorphisms are robust markers for 
evolutionary and phylogenetic studies [7-22]. The use of 
polymorphic Alu insertions in forensic identification and 
paternity testing is limited [23-25].  

 Here, we report on a comprehensive study of seven Alu 
insertion polymorphisms as a new method or as a comple-
ment to existing systems within the South Moroccan popula-
tion. Specific primer pairs were designed to amplify and de-
tect the insertion or the deletion of the Alu fragments at the  
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loci ACE, TPA25, PV92, APO, FXIIIB, B65 and HS3.23. A 
total of 215 individuals, including five Souss Berber groups 
and one Saharawi, were analysed. The accurate genotype 
frequency data and other genetic parameters of forensic in-
terest were evaluated. 

2. MATERIALS AND METHODS 

 A total of 215 blood samples from unrelated healthy in-
dividuals from the South Moroccan population were col-
lected. The population studied included Berber-speakers, 
who constitute the major group of the Souss valley and one 
from south Morocco. Genomic DNA was extracted from 
peripheral blood by the salting out method [26].  

 Human-specific Alu polymorphic elements were geno-
typed in each sample by using the primer sequences and an-
nealing temperature described previously for the ACE, 
TPA25, PV92, APO, FXIIIB [9], B65 and HS3.23 [27,28] 
(Table 1). The PCR amplifications were performed in a final 
volume of 25 l, containing 100ng genomic DNA, 1X buffer, 
1.5mM MgCl2, 0.2mM d’NTP, 0.24 pM of each primer and 
1unit of Taq polymerase (Promega Corporation). PCR cy-
cling temperature protocol was: 35cycles  (denaturing at 
94°C for 1min, annealing at x°C (see Table 1 for the value of 
x) for 2 min and extension at 72°C for 2 min). 

 The PCR products were analysed by electrophoresis on 
2% agarose gels and were stained with ethidium bromide 
and visualised under UV fluorescence. Fig. (1) was one of 
the examples for Alu tests in this work. 

 Genotypic frequencies and statistical parameters for each 
locus and each group were calculated. The Power of Dis-
crimination (PD) is the probability that two individuals ran-
domly taken in the same population would not have the same 
genotype at the particular locus. The Power of Exclusion 
(PE) is the probability that a falsely-accused putative parent 
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would be excluded as the biological parent for a particular 
child. The joint power of discrimination and exclusion was 
also calculated. 

3. RESULTS AND DISCUSSIONS 

 The loci are biallelic and the frequency of each genotype 
within each group studied is shown in Table 2. The discrimi-
nation powers PD and the power of exclusion PE are also cal-
culated by locus and population. Hardy-Weinberg equilibrium 
was assessed. Five out of 42 tests for Hardy-Weinberg equilib-
rium showed a significant departure from equilibrium. After cor-
recting for multiple tests (Bonferroni correction), only one test is 
significant (B65 locus in Ouarzazate). Since these departures do 
not cluster by locus or by populations, they probably reflect ran-
dom statistical fluctuations. The frequency of the presence of 
Alu insertion from all the 215 samples were 0.176 for ACE, 

0.455 for TPA25, 0.196 for PV92, 0.697 for APO, 0.267 for 
FXIIIB, 0.373 for B65 and 0.804 for HS 3.23 (Table 3). The 
discrimination powers PD of the seven loci were 0.4540 for 
ACE, 0.6223 for TPA25, 0.4816 for PV92, 0.5766 for APO, 
0.5529 for FXIIIB, 0.6064 for B65 and 0.4816 for HS3.23. It 
is shown that all loci were informative, with TPA25, B65, 
APO and FXIIIB being the most informative. The joint 
power of discrimination for the seven loci included in this 
study was 0.9959. The power of exclusion PE ranged from 
0.1240 to 0.1865, respectively for ACE and TPA25. The 
joint power of exclusion for the seven loci was 0.6910. 

4. CONCLUSION 

 Polymorphic Alu insertions have proven to be useful for 
population genetic studies. In the Moroccan population the 
Alu inserts have previously been described. The distribution 

Table 1. The Analyzed Loci, Primer Sequences, Annealing Temperatures, Chromosome Location, Sub Family and Products Size 

Name for Each HS Alu Loci 

Name 5’ end Primer (5’ 3’) 3’ end Primer (5’ 3’) Annealing Temperature 
Chr. Ban. 

Position 
Products Size Sub Family 

ACE 
CTGGAGAC-

CACTCCCATCCTTTCT 

GATGTGGCCATCA-

CATTCGTCAGAT 
58 °C 17q23 480-191 HS-1 

TPA25 
GTAAGAGTTCCGTAAC

AGGACAGCT 

CCCCACCCTAGGAG

AACTTCTCTTT 
58 °C 8p11.2 400-110 HS-2 

PV92 
AACTGGGAAAATTTG

AAGAGAAAGT 

TGAGTTCTCAACTC

CTGTGTGTTAG 
54 °C 16q24.2 437-122 HS-1 

APO 
AAGTGCTGTAGGCCAT

TTAGATTAG 

AGTCTTCGATGACA

GCGTATACAGA 
50 °C 11q23-q24 409-96 HS-1 

FXIIIB 
TCAACTCCATGAGATT

TTCAGAAGT 

CTGGAAAAAATGTA

TTCAGGTGAGT 
56 °C 1q31-q32.1 720-450 HS-1 

HS3.23 
GGTGAAGTTTCCAACG

CTGT 

CCCTCCTCTCCCTTT

AGCAG 
52 °C 7 410-110 Ya5 

B65 
ATATCCTAAAAGGGA

CACCA 

AAAATTTATGGCAT

GCGTAT 
60 °C 11q14.2 420-81 HS-1 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Electrophoresis of PCR products on Alu-APO from 17 samples (homozygote with Alu insertion (Ch2, Ch6), Homozygote without 

Alu insertion (Ch12, Ch14, Ch15, Ch17) and heterozygote (Ch1, Ch3, Ch4, Ch5, Ch7, Ch8, Ch9, Ch10, Ch11, Ch13 and Ch16). 
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Table 2. The Frequency of Each Genotype, The Power of Discrimination PD and The Power of Exclusion PE Within Each Group 

Studied in South Moroccan Populations 

 Polymorphism 

 ACE TPA25 PV92 APO FXIIIB B65 HS3.23 

Ouarzazate (2n = 76) 

Ppp 0.784 0.143 0.355 0.063 0.438 0.029 0.031 

Ppq 0.135 0.543 0.452 0.125 0.406 0.971 0.438 

Pqq 0.081 0.314 0.193 0.812 0.156 0.000 0.531 

PD 0.411 0.614 0.614 0.366 0.600 0.621 0.538 

PE 0.110 0.184 0.184 0.097 0.177 0.187 0.152 

Joint PD 0.9961 

Joint PE 0.6970 

Tata (2n = 68) 

Ppp 0.515 0.485 0.576 0.161 0.690 0.647 0.107 

Ppq 0.394 0.364 0.303 0.161 0.241 0.265 0.143 

Pqq 0.091 0.151 0.121 0.678 0.069 0.088 0.750 

PD 0.566 0.590 0.556 0.531 0.473 0.510 0.458 

PE 0.163 0.173 0.159 0.150 0.130 0.142 0.125 

Joint PD 0.9948 

Joint PE 0.6769 

Zagora (2n = 36) 

Ppp 0.824 0.167 0.611 0.111 0.647 0.571 0.000 

Ppq 0.176 0.333 0.389 0.389 0.294 0.286 0.167 

Pqq 0.000 0.500 0.000 0.500 0.059 0.143 0.833 

PD 0.285 0.588 0.480 0.575 0.494 0.563 0.273 

PE 0.157 0.173 0.132 0.167 0.137 0.162 0.070 

Joint PD 0.9895 

Joint PE 0.6614 

Haha (2n = 62) 

Ppp 0.710 0.313 0.774 0.071 0.609 0.235 0.069 

Ppq 0.226 0.531 0.226 0.393 0.261 0.706 0.276 

Pqq 0.064 0.156 0.000 0.536 0.130 0.059 0.655 

PD 0.456 0.615 0.342 0.552 0.547 0.609 0.495 

PE 0.125 0.184 0.090 0.158 0.156 0.183 0.137 

Joint PD 0.9945 

Joint PE 0.6745 

Chtouka (2n = 124) 

Ppp 0.652 0.240 0.790 0.200 0.581 NA 0.061 

Ppq 0.326 0.500 0.184 0.400 0.355 NA 0.212 

Pqq 0.022 0.260 0.026 0.400 0.064 NA 0.727 

PD 0.467 0.622 0.353 0.612 0.531 NA 0.441 

PE 0.128 0.187 0.093 0.182 0.150 NA 0.120 

Joint PD 0.9867 

Joint PE 0.6068 

Guelmim (2n = 64) 

Ppp 0.750 0.594 0.867 0.161 0.517 0.000 0.056 

Ppq 0.250 0.281 0.133 0.484 0.345 0.900 0.444 

Pqq 0.000 0.125 0.000 0.355 0.138 0.100 0.500 

PD 0.367 0.551 0.227 0.612 0.579 0.609 0.558 

PE 0.097 0.157 0.058 0.183 0.168 0.186 0.160 

Joint PD 0.9938 

Joint PE 0.6672 
 
of polymorphic Alu insertions in the Arab, Berber and Sa-
harawis populations from Morocco and their relationships 
with other Mediterranean populations were evaluated [11, 
29]. The use of Polymorphic Alu insertions in forensic iden-
tification and paternity testing is limited. The aim of the pre-
sent study is the assessment of the utility of Alu insertions 
for forensic DNA typing within the Moroccan population. 

We report on a comprehensive study of seven loci of interest 
due to the insertion or the deletion of human-specific Alu 
fragments. The combined discrimination power of these 
seven loci (ACE, TPA25, PV92, APO, FXIIIB, B65 and 
HS3.23) was 0.9959. The combination of these seven Alu 
loci could assist in forensic identification and paternity test-
ing in the Moroccan population. It is therefore expected that 
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the application of Alu insertion polymorphism will assist in 
routine STR forensic testing. The addition of more Alu inser-
tion loci can be used to increase the power of discrimination. 
Indeed, in a recent work, Ray et al. [30] developed Alu inser-
tion for the inference of human geographical origins. This 
study, based on 100 Alu insertion polymorphisms, made it 
possible to correctly infer the geographic affiliation of 18 
unknown human individuals with high levels of confidence. 
The technique to infer the geographic affiliation of unknown 
human DNA samples will be a useful tool in identifications 
in investigative forensics. Alu-insert based technologies will 
undoubtedly remain essential to identification in investiga-
tive forensics in the future. 
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