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Abstract: Here, we report on the relationship between allelic number and percentage genotype representation
at highly polymorphic human genetic loci. To achieve this goal, blood samples were collected from 450
unrelated Jordanians and analyzed using PCR-based DNA typing kits. PGR ranged from 1.0 at loci with low
allelic number to <0.05 at loci with high allelic number suggesting that there iz some sort of an inverse
relationship between allelic number and PGR. The lowest locus-based heterozygosity was observed at the
TPOX locus (0.45) while the highest was observed at the D18351 (0.88). Heterozygosity as a measure of genetic
variation among Jordanians was calculated at 0.72. No clear relationship between the number of genotypes and
heterozygosity was observed at any locus; this although, heterozygosity tends to generally increase as allelic
number mcrease. Although the PGR for highly polymorphic loci precipitously decreases as the number of alleles
mcrease, the level of genetic vanation based on PCR-based polymorphic loci remains very high.
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INTRODUCTION

The importance of genetic variation within natural
populations is paramount as it allows for the appearance
of variable phenotypic profiles and hence permits natural
selection to operate!” 7. The use of heterozygosity as a
measure of genetic variation has been the procedure of
choice by population geneticists for several decades™.

Historically, genetic variation studies relied upon
polymorphic protein typing using electrophoretic
methods®®.  Using polymorphic protein  typing

techmques, genetic variation in humans was estimated at
around 0.067 to 0.072", this was viewed as significant
enough to allow for various microevolutionary processes
to operate within different human populations™.
However, as coding sequences in most species represent
a minor proportion of the total DNA, polymorphic protein
typing 1s, by defimtion, confined to a minor and distinet
fraction of the DNA. Additionally, protein polymorphism
is limited to two or few phenotypes in the majority of
cases; consequently, the degree of genetic vanation to be
estimated using such data 1s likely to be limited as well.
As such, estimating genetic variation merely on the basis
of protein polymorphism is biased and limited as it does
not necessarily reflect the actual level of variation. This
coupled with the observation that non-coding DNA
sequences can and do participate in the making of the

phenotypic profile of the orgamsm justifies, in our
opiion, the use of PCR-based polymorphic DNA loci to
measure genetic variation.

With  the
methodologies that can be employed 1 DNA typing and
analysis" %, it has become possible to cary cut DNA
typing for purposes ranging from forensic to evolutionary
studies. In recent years, numerous reports on the
polymorphism of a large number of genetic marker
systems m different populations were published. The
level of heterozygosity at most of such genetic marker
systems 1s far greater than that obtained from classical
protein polymorphism data'¥. However, in many of
these genetic marker systems, absence of one or more
alleles was shown to be of common occurrence with the
consequent decrease in the number of genotypes™. For
any polymorphic locus, not all alleles making up the locus
are necessarily present in all human populations. The ratio
of alleles detected in the population to the total number of
alleles is referred to here as Percentage Allelic
Representation (PAR). Additionally, the ratio of
genotypes that are detected in the population to the total
number of genotypes is referred to here as Percentage
Genotype Representation (PGR).

The mfluence of tlis phenomenon on the actual
degree of polymorphism has yet to be addressed. In thus
study, the relationship between allelic number and PGR

advent of available molecular
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Table 1: PAR, PGR and average heterozy gosity in Jordanians at 23 different PCR-based genetic markers

Genetic Total No. No. of absent No. of absent genotypes®/

locus of alleles alleles PAR* total No. of genotypes PGR® % Heter?
LDLR 2 0 100.0 0/3 100.0 53.2
GYPA 2 0 100.0 0/3 100.0 50.4
D788 2 0 100.0 0/3 100.0 48.2
HBGG 3 0 100.0 0/6 100.0 61.2
Ge 3 0 100.0 0/6 100.0 66.9
HLA-DQA1 8 0 100.0 B8/36 77.8 71.8
THO1 8 1 87.5 11/36 69.4 76.1
FES/FPS 8 2 75.0 20/36 44.4 74.5
TPOX 9 3 66.7 31/45 31.1 45.0
VWA31 11 1 91.0 43 / 66 34.8 8.9
D5S818 11 5 54.5 51/66 22.7 72.0
D381358 12 4 66.7 61/78 21.8 84.0
D881179 12 2 833 51/78 34.6 76.0
D13S317 12 5 58.3 59/78 24.4 79.0
D168539 13 6 53.8 72/91 20.9 82.0
Penta D 14 2 85.7 72/105 31.4 87.0
F13A1 15 5 66.7 96/120 20.0 77.9
CSF1PO 16 8 50.0 121/136 11.0 67.0
D78820 19 12 36.4 171/190 10.0 80.0
Penta E 22 7 68.2 195/253 22.9 73.0
D18851 29 16 44.8 396/435 09.0 88.0
D21511 35 21 40.0 594 / 630 05.7 80.0
FGA 39 28 28.2 748/ 780 4.1 84.0
Average heterozygosity: 72.0 43.3 72.3

‘PAR (No. of present alleles/No. of all alleles); *Absent genotypes = number of absent but possible genotypes + number of impossible genotypes;
‘PGR (No. of present genotypes/No. of all possible genotypes based on total number of alleles): “Percentage heterozygosity

was assessed through evaluating the genotype frequency
distribution of 23 different polymorphic loci in a sample
population of unrelated Jordanians. Genetic variation
among Jordanians was also calculated based on average
heterozygosity at all 23 loci included in this study.

MATERIALS AND METHODS

Sample collection: Five milliliter blood samples were
collected mto plain tubes from a sample population
consisting of a total of 450 unrelated Jordanians over the
period from 1998-2002. The sample population was
selected at tandom with respect to color, age, sex and area
of residence within Jordan. Donors were mformed of the
goal of the study; they were asked to sign a form of
consent on the understanding that names will be kept
confidential. DNA was extracted utilizing ready to use
Chelex 100 extraction kit (Sigma, St. Lous, USA).

DNA amplification and analysis: DNA samples were
typed using commercially available typing kits.
Amplification and typing of samples for the PM loci
(LDLR, GYPA, HBGG, D758 and Ge) was carried out using
the AmpliType® PCR amplification and typing kit (Perkin
Elmer corporation, Norwalk, CT). Amplification and typing
of samples for the HLA-DQAL locus was carried out
using the AmpliType HLA-DQAc forensic DNA
Amplification kit (Perkin Elmer Corporation). For both of
the above marker typing systems, a Perkin Elmer thermal
cycler 480 was used (Perkin Elmer Corporation).

Typing of the STR loci HUMvWA31, HUMTHO1,
HUMF13A1 and HUMFES/FPS was carried out using the
ABI Prism™ Monoplex Primer STR set (Applied
Biosystems, Foster City, CA, USA). Multiplex PCR
amplification of the D3S1358, FGA, D8S1179, D21S11,
D18S51, D5S818, D135317, D75820, D 1635539, Penta
E, Penta D, CSF1PO and TPOX loci was carried out using
the PowerPlex™16 System (Promega Ceoperation, USA).
Capillary electrophoresis for all loci was performed
according to the protocols supplied in the manufacturers’
Technical Manual. PCR products were denatured with
formamide and electrophoresis was carried out on an ABL
Prism 310 Genetic Analyzer (Applied Biosystems, Foster
City, USA). Length of the amplified fragments was
determined using the GeneScan Analysis 2.0.2 software
based on Tamra 350 for the Monoplex sets and internal
lane size standard (IL.S 600) for the Multiplex set. Allele
designations were determined using the Genotyper
2.0 and PowerTyper™ 16 Macro softwares by comparison
of the sample fragments with those of the allelic ladder.

Genotype frequencies were directly calculated from
the number of individuals expressing the specific
genotype in the sample set; allelic frequencies were
calculated based on the Hardy Weinberg Equilibrium.
PAR was calculated as the number of present alleles
divided by the total number of alleles for the specific
locus; likewise, PGR was calculated as the number of
genotypes present divided by the total number of
genotypes for the locus in question. Number of absent
genotypes was considered as that resulting from
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subtracting the number of present genotypes from the
total nmumber of genotypes at the specific locus. Average
heterozygosity was calculated as the sum heterozygosity
at all loci divided by the number of loci.

RESULTS AND DISCUSSION

The number of the known alleles for the loci used in
this study ranged from 2 to 39. All loci were considered
as polymorphic based on the 95% criterion for
polymerphism!. At loci with allelic number greater than 8,
one or more alleles were missing from the Jordanian
population (Table 1); consequently, at each of these loci,
a considerable number of genotypes were mmpossible to
occur. At most loci evaluated, certain genotypes were
unexpectedly absent although the allelic pairs required to
produce them were present; hence the term absent but
possible genotypes. Absence of such possible genotypes
is understandably due to one or more of a whole host of
random variables influencing the pattern of allelic
dispersion within the Jordanian population. Absence of
impossible genotypes as well as some of the possible
ones resulted in the degree of locus-based polymorphism
to be lower than expected. Both PAR and PGR were
<100% for 18 out of the 23 loci included in the study
(Table 1). PGR decreased in a precipitous fashion as the
total number of alleles making up the locus increased in
that, where PGR remained at 1 00% for loci consisting of
2-3 alleles (LDLR, GYPA, D758, HBGG and Ge), it dropped
to <10% for loci with allelic number greater than 28
(D18551, D21812 and FGA) (Table 1 and Figure 1). Even
though PGR dramatically dropped as the total number of
alleles increased, heterozygosity values remained higher
than that obtained from polymorphic PCR-based loci with
limited allelic number (Table 1). Tt was also much higher
than that obtained from polymorphic protein typing
data!. Tt can be argued that population-based
PGR values may be more reflective of locus-based
polymorphism than that obtained from the theoretical
calculation of locus-based polymorphism on the basis of
total allelic number. This is mainly because PGR takes into
account the special set of circumstances influencing gene
flow within a population by discounting absent
genotypes; that both possible and 1mpossible
genotypes alike.

The least heterozygous locus was the TPOX (0.45)
while the most heterozygous locus was the D18351 (0.88).
No clear relationship between the number of alleles and
the degree of heterozygosity was observed; for mstance,
the TPOX locus (9 alleles) was 45% heterozygous wiule
the THO1 locus (8 alleles) was 76% heterozygous. Based
on the genotypic frequency distribution at the 23 loci,
average heterozygosity among Jordanians was calculated

18
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Fig. 1. The relationship between allelic number and PGR.
The value for the total number of alleles at each of
the 23 loci mcluded mn the study was plotted
parallel to the corresponding PGR of the locus. All
23 loci were considered in this analysis (loci names
were listed on the X axis); in cases were multiple
loci shared the same number of alleles, an average
PGR was calculated and used instead of single
PGR values.
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Fig. Za: The relationship between the number of absent
alleles and PGR. PGR was plotted against the
number of absent alleles for representative loci
of different allelic number. In cases where
multiple loci shared the same number of alleles,
one locus was chosen at random as a
representative locus

at 72.3%. This is significantly higher than that calculated
based on data obtained from polymorphic protemn typing
procedures™?. Should this finding hold true through
testing of genetic variation using additional loci for the
Jordanian population and through testing of genetic
variation 1n other populations, a reassessment of classical
data pertinent to genetic variation m humans as well as
other species may become necessary. This although,
previous studies have shown that typing of about 20 loci
is sufficient to accurately measure genetic variation™, the
degree to which heterozygosity may change should
greater number of loci be typed is very low.
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Fig. 2b: The relationship between PAR and PGR. Both
PAR and PGR for loci of different allelic number
were plotted against allelic number.
where multiple loci shared the same number of
alleles, one locus was chosen at random as a
representative locus

In cases

The relationship between the number of absent
alleles and PGR (Fig. 2a) and that between PAR and PGR
(Fig. 2b) was further investigated. Tt is clear that, with,
only few exceptions of the tested loci (loci D5SBI1E,
D133317, F13A31 and Penta E), as the total number of
alleles increase, the number of present alleles decrease
and so does PAR (Fig. 2a). Similarly, the lower the PAR
value for a locus, the lower the PGR. value for the same
locus (Fig. 2b). It must be noted that such relationships
are not exactly linear; this is because the relationship
between the number of alleles and PAR is not exactly
linear. Nonetheless, as these two values increase, PGR
decreases in a precipitous manner. Therefore, actual or
real polymorphism at loci with multiple alleles may be
reflected more clearly using PAR and PGR rather than
total number of alleles. Mathematical treatment of these
relationships should help in furthering our understanding
of the intricacies involved in allelic dispersion patterns
in different populations of sexually reproducing
organisms. Why the variations in allelic frequencies in
different populations, what are the forces behind these
variations and how strong is the effect of such variations
on micreevolution are but few of the pertinent questions
that may be further clanfied following this approach.

Since genetic varlation 1s essential for various
microevolutionary processes to operate™, being present
at high levels may further ease the progression of various
microevolutionary processes. This, notwithstanding the
fact that varnation within the coding portion of DNA 1s of
GreatD significance regarding the progression of
microevolution as it directly influences the phenotypic
profile. Nonetheless, the contribution of non-coding DNA
sequences to the phenotypic profile of the individual
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cannot be ruled out. Numerous reports have shown that
variation at polymorphic non-coding DNA sequences
differentially predispose to various disease states!*"*]
Therefore, considering heterozygosity or any other
measure of genetic variation at the non-coding DNA level

should not be discounted.
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