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A B S T R A C T

The genetic factors contribute significantly to the determination of dermatoglyphic traits is well established. However,
the controversies in views and findings of this issue are still inconclusive. The present study is an attempt to evaluate the
inheritance of quantitative dermatoglyphic traits with asymmetry (DA and FA) and diversity (Div) through sibling corre-
lations. Data include 218 individuals from (88 families) in a small isolate, the nomadic tribe Muzeina with a high de-
gree of consanguinity (0.09) from South Sinai. Statistical analyses include sibling correlations, cross-correlations and
genetic correlation (GC) – a ratio of sibling cross-correlation between traits divided on square root of the both traits sib-
ling correlation product. The familial correlation coefficients for quantitative dermatoglyphic traits are perhaps expected
lower in such a small isolated and consanguineous population than our previous studied in Indian populations and
Chuvashian populations from Russia. These results indicate a simpler genetic basis due to high degree (0.09 inbreeding
coefficient) of consanguinity in Muzeina Bedouin tribe. There is no evidence of major gene involvement, although a little
genetic effect obtained from familial correlations on asymmetry (DA and FA) and diversity (Div) traits through sibling
correlations. The significant interaction between sexes was found, which contradicts with the other populations perhaps
due to high level of consanguinity. Lower correlation coefficients than in other non-consanguineous populations for
quantitative dermatoglyphic traits indicate a simpler genetic basis due to high degree of inbreeding coefficient (0.09) in
Muzeina. Dermatoglyphic asymmetry and diversity traits may be due to environmental factors rather than dominance in
Bedouins, although a little genetic effect was found suggests a measure of developmental instability in human (FA).
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Introduction

Heritability of dermatoglyphic characters has a long
history1 that controlled by genetic factors and generally
explained as a complex nature2–4. However, most of the
conclusions of its genetic nature from various studies are
contradictory5–15.

In general, the relative contribution of genetic and
environmental factors to phenotypic variation of derma-
toglyphics differ from population to population2,7,16–23. In
view of ethnic diversity, dermatoglyphics among the Bed-
ouin tribe was selected because, studies are hardly avail-
able in Bedouins. Thus it would be interesting to deter-

mine whether any similarity exists with the present Bed-
ouin population and the results of our previous studies
on Indian and Chuvashian populations from Russia on
different sets of dermatoglyphic traits (quantitative,
asymmetry and diversity).

It was found since long back that the application of
proper statistical techniques, the genetics of quantita-
tive aspect of dermatoglyphics could be better demon-
strated than the qualitative traits7,24–29. Therefore, to
study 22 quantitative dermatoglyphic traits is quite ap-
propriate.
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In the last few years, dermatoglyphic asymmetry and
diversity have greatly broadened its scope and deserves a
special attention for several reasons30–50. However, the
actual utility of asymmetry is also limited because of in-
adequate knowledge of its genetic nature and thus, a
through understanding of dermatoglyphic asymmetry is
essential. The human body exhibits a variety of bilateral
asymmetries (differences in the size and /or shape of sup-
posedly identical right- and left-sided structures). Some
of these asymmetries are inborn but others are acquired.
According to the literature, there are mainly two types of

asymmetry, namely (1) fluctuating asymmetry (FA), which
is a random deviation, i.e., irrespective of sign, from per-
fect bilateral symmetry40 and (2) directional asymmetry
(DA), which reflects a consistent bias of a character to-
ward systematically greater development on one side,
i.e., considering sign51.

The »intra-individual diversity«(Div) traits, introduced
by Holt7 as a measure of digital differences evaluated by
finding the sum of squares of deviations of the ten sepa-
rate digital counts from their mean (S/ v10). The importan-
ce of this trait was emphasized by several authors31–33,36,35,52.
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TABLE 1
DESCRIPTIVE STATISTICS AND SIBLING CORRELATION FOR DIV TRAITS

Traits Sample
Descriptive statistics Sex

Difference
p value

Sibling pairs

N X SD N r p value

Div_1 All 127 10.740 5.104 0.00066 90 0.049 0.65768

Male 96 11.479 5.270

Female 31 8.452 3.785

Div_2 All 133 10.805 4.954 0.00023 101 –0.030 0.77093

Male 99 11.636 4.970

Female 34 8.382 4.083

Div_3 All 105 12.943 5.127 0.00007 65 0.109 0.39009

Male 80 13.838 5.247

Female 25 10.080 3.475

Div_4 All 127 89.584 79.491 0.00114 90 0.068 0.54011

Male 96 100.225 83.320

Female 31 56.632 55.414

Div_5 All 133 89.504 75.001 0.00057 101 0.016 0.92583

Male 99 100.537 78.057

Female 34 57.376 54.572

Div_6 All 105 180.802 138.606 0.00150 65 0.119 0.35228

Male 80 200.516 143.920

Female 25 117.716 98.127

Div_7 All 127 3.847 1.772 0.00123 90 0.076 0.49198

Male 96 4.103 1.801

Female 31 3.056 1.435

Div_8 All 133 3.871 1.715 0.00056 101 –0.012 0.89678

Male 99 4.142 1.726

Female 34 3.079 1.433

Div_9 All 105 3.965 1.545 0.00146 65 0.071 0.59069

Male 80 4.198 1.570

Female 25 3.218 1.214

Div_10 All 105 15.752 7.108 0.00147 65 0.040 0.75610

Male 80 16.880 7.064

Female 25 12.144 6.072

Div_11 All 164 0.613 0.268 0.81917 143 0.156 0.06585

Male 122 0.610 0.268

Female 42 0.621 0.269
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TABLE 2
DESCRIPTIVE STATISTICS AND SIBLING CORRELATION OF DA TRAITS

Traits Sample
Descriptive statistics Sex

Difference
p value

Sibling pairs

N X SD N r p value

DA_1 All 105 1.484 45.159 0.79447 65 –0.174 0.17090

Male 80 2.162 44.346

Female 25 –0.686 48.554

DA_2 All 149 0.739 18.991 0.37773 119 0.005 0.84056

Male 110 1.509 19.616

Female 39 –1.432 17.158

DA_3 All 217 –3.985 12.934 0.21793 201 0.121 0.08970

Male 171 –3.407 12.779

Female 46 –6.133 13.416

DA_4 All 105 –1.916 10.858 0.29705 65 0.041 0.75335

Male 80 –2.429 11.610

Female 25 –0.274 7.971

DA_5 All 105 1.567 79.744 0.78254 65 –0.132 0.30588

Male 80 0.272 77.430

Female 25 5.714 88.306

DA_6 All 105 –3.058 10.793 0.55416 65 0.015 0.89282

Male 80 –2.610 9.156

Female 25 –4.495 15.035

DA_7 All 215 –2.159 15.013 0.34063 201 0.071 0.32668

Male 168 –1.610 14.636

Female 47 –4.124 16.302

DA_8 All 217 –2.156 10.323 0.22250 201 0.093 0.19097

Male 171 –1.698 10.189

Female 46 –3.858 10.748

DA_9 All 217 1.735 8.930 0.74079 201 0.090 0.20521

Male 171 1.624 8.753

Female 46 2.145 9.649

DA_10 All 144 –5.028 31.078 0.60210 108 –0.036 0.72160

Male 110 –5.778 31.223

Female 34 –2.599 30.941

DA_11 All 145 –5.610 41.066 0.23597 113 0.087 0.36869

Male 109 –7.875 41.557

Female 36 1.248 39.309

DA_12 All 154 –2.485 44.582 0.66122 124 0.094 0.31196

Male 115 –3.312 46.839

Female 39 –0.047 37.585

DA_13 All 140 –3.269 62.058 0.89798 118 0.036 0.70721

Male 102 –3.658 64.259

Female 38 –2.224 56.525

DA_14 All 153 2.281 21.022 0.44742 124 –0.041 0.66761

Male 114 1.584 21.871

Female 39 4.320 18.427

DA_15 All 176 8.819 20.503 0.01198 133 0.058 0.52017

Male 141 10.868 19.687

Female 35 0.563 21.914
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TABLE 3
DESCRIPTIVE STATISTICS AND SIBLING CORRELATION OF FA TRAITS

Traits Sample
Descriptive statistics Sex

Difference
p value

Sibling pairs

N X SD N r p value

FA_1 All 104 35.695 28.392 0.44978 65 0.039 0.76505

Male 80 34.500 28.080

Female 24 39.676 29.669

FA_2 All 148 14.002 12.604 0.62313 118 –0.067 0.48187

Male 110 14.278 13.151

Female 38 13.205 10.988

FA_3 All 213 9.995 8.223 0.75867 197 0.145 0.04459

Male 171 10.094 7.787

Female 42 9.590 9.902

FA_4 All 104 7.887 7.499 0.33829 65 –0.072 0.58297

Male 80 8.193 8.079

Female 24 6.864 5.121

FA_5 All 104 64.759 47.663 0.24208 65 0.047 0.72141

Male 80 61.716 47.323

Female 24 74.902 48.395

FA_6 All 104 6.707 8.617 0.18605 65 0.122 0.34336

Male 80 5.907 7.153

Female 24 9.371 12.129

FA_7 All 211 10.340 11.511 0.50121 197 0.202 0.00686

Male 168 10.041 11.082

Female 43 11.508 13.133

FA_8 All 61 8.131 7.076 0.36380 59 0.156 0.24643

Male 44 8.566 7.699

Female 17 7.005 5.155

FA_9 All 213 7.062 5.619 0.67465 197 0.011 0.91631

Male 171 6.971 5.367

Female 42 7.432 6.604

FA_10 All 142 18.868 23.580 0.94691 106 –0.043 0.67412

Male 110 18.942 23.295

Female 32 18.613 24.916

FA_11 All 144 22.406 33.874 0.67910 112 0.154 0.10751

Male 109 23.074 33.898

Female 35 20.325 34.207

FA_12 All 153 27.636 34.559 0.65333 123 0.142 0.12151

Male 115 28.269 36.591

Female 38 25.720 27.856

FA_13 All 138 35.676 48.272 0.23710 116 –0.083 0.38164

Male 102 38.551 48.375

Female 36 27.529 47.702

FA_14 All 151 15.458 14.025 0.29333 123 0.131 0.15665

Male 114 16.061 14.765

Female 37 13.601 11.426

FA_15 All 173 14.877 12.768 0.96598 130 –0.020 0.98080

Male 141 14.855 12.491

Female 32 14.971 14.139

FA_16 All 105 7.311 3.177 0.19622 65 0.058 0.65865

Male 80 7.530 3.204

Female 25 6.611 3.045



Holt7 stated that diversity of ridge counts from finger to
finger is under genetic control and thus study of derma-
toglyphic diversity is essential.

In this article we therefore, evaluate the mode of in-
heritance, which represents the causal factors presumed
to be operating on dermatoglyphic traits with asymmetry
and diversity in South Sinai Bedouins.

Materials and Methods

Sample and traits

The Muzeina tribe inhabited for centuries in the Sinai
desert, which especially occupied by the Bedouins and
they originated mainly from Saudi Arabian Peninsula53.
Muzeina tribe is characterized by strong biological isola-
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TABLE 4
DESCRIPTIVE STATISTICS AND SIBLING CORRELATION OF FINGER RIDGE COUNTS

Traits
Sample

Descriptive statistics Sex
Difference

p value

Sibling pairs

N X SD N r p value

FRC_1R All 159 20.74 5.01 0.093 141 0.183 0.03301

Male 117 21.11 5.19

Female 42 19.71 4.36

FRC_2R All 156 12.88 6.09 0.093 134 0.178 0.04240

Male 115 12.43 6.26

Female 41 14.17 5.44

FRC_3R All 161 14.16 5.37 0.176 137 0.289 0.00096

Male 120 13.83 5.40

Female 41 15.12 5.24

FRC_4R All 149 15.61 5.41 0.662 121 0.296 0.00100

Male 112 15.51 5.64

Female 37 15.92 4.69

FRC_5R All 152 14.16 4.52 0.381 123 0.342 0.00084

Male 114 13.98 4.57

Female 38 14.71 4.38

FRC_1L All 158 20.35 5.19 0.025 126 0.245 0.00772

Male 119 20.82 5.40

Female 39 18.92 4.23

FRC_2L All 146 12.89 6.29 0.219 123 0.302 0.00097

Male 107 12.52 6.45

Female 39 13.90 5.76

FRC_3L All 156 14.72 5.88 0.139 129 0.355 0.00079

Male 116 14.31 5.86

Female 40 15.90 5.83

FRC_4L All 155 16.34 5.88 0.543 129 0.234 0.00881

Male 115 16.50 6.06

Female 40 15.88 5.36

FRC_5L All 155 15.03 5.20 0.881 126 0.240 0.00844

Male 118 15.06 5.32

Female 37 14.92 4.88

TRC All 164 148.29 44.32 0.823 143 0.251 0.00447

Male 122 147.87 45.98

Female 42 149.52 39.61

ARC All 164 205.62 83.16 0.622 143 0.261 0.00294

Male 122 203.85 85.94

Female 42 210.76 75.27
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TABLE 5
DESCRIPTIVE STATISTICS AND SIBLING CORRELATION FOR FINGERPRINT COUNTS AND OTHER TRAITS

Traits Sample
Descriptive statistics Sex

Difference
p value

Sibling pairs

N X SD N r p value

PII_L All 155 7.27 1.70 0.020 125 0.260 0.00563

Male 116 7.09 1.71

Female 39 7.79 1.58

PII_R All 157 7.31 1.60 0.176 135 0.372 0.00073

Male 115 7.22 1.68

Female 42 7.57 1.35

PII_B All 149 14.65 3.07 0.041 119 0.370 0.00078

Male 110 14.37 3.19

Female 39 15.44 2.60

AB_RC_R All 219 39.81 6.43 0.641 203 0.227 0.00159

Male 173 39.90 6.68

Female 46 39.46 5.47

AB_RC_L All 218 41.27 6.19 0.345 204 0.215 0.00383

Male 171 41.08 6.40

Female 47 41.96 5.38

LINEAL All 195 4.07 0.84 0.040 160 0.151 0.05991

Male 156 4.01 0.86

Female 39 4.28 0.69

LINEAR All 195 4.03 0.90 0.437 163 0.007 0.87483

Male 156 4.01 0.91

Female 39 4.13 0.86

LINEDL All 212 4.03 1.56 0.619 196 0.139 0.05241

Male 167 4.00 1.56

Female 45 4.13 1.60

LINEDR All 216 4.72 1.43 0.633 198 0.118 0.09846

Male 171 4.74 1.41

Female 45 4.62 1.53

MLI All 176 8.45 1.76 0.813 133 0.163 0.06323

Male 141 8.44 1.77

Female 35 8.51 1.73

Arch All 149 0.15 0.44 0.36473 119 0.188267 0.04267

Male 110 0.16 0.48

Female 39 0.10 0.31

Whorl All 149 4.80 2.90 0.04448 119 0.367683 0.00079

Male 110 4.54 2.99

Female 39 5.54 2.52

Lu All 149 4.72 2.60 0.03272 119 0.403503 0.000708

Male 110 4.97 2.68

Female 39 4.03 2.23

Lr All 149 0.33 0.70 0.96820 119 0.044177 0.648221

Male 110 0.33 0.64

Female 39 0.33 0.87



tion, rarely intermix and show preference for first-cousin
marriages. The frequency of such marriages is 15% and
the inbreeding coefficient is 0.09. Dermatoglyphic traits
were measured in offspring of 88 nuclear pedigrees hav-
ing 199 sibling pairs. 22 generally used quantitative
traits (12 finger and 10 palms); total 29 asymmetry traits
(14 DA and 15 FA); and 11 diversity traits (Div) were con-

sidered in the present study. We analyzed frequencies of
four types of finger patterns namely- Loop Ulnar (Lu),
Loop Radial (Lr), Arch (A) and Whorl (W); and count of
each type on 10 fingers was analyzed as four additional
quantitative traits. The dermatoglyphic variables are
presented in Appendix 1 and the formulae for calculating
various indices are set out in Appendix 2.
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Fig. 1. Frequencies of different finger prints for each of 10 fingers. Left side – from f19 (upper) to f24,
right side – from f25 (upper) to f29 (lu=1, lr=2, a=3, w=4. Light gray – male, dark gray – female, white – all).



Statistical analyses

The dermatoglyphic traits should not have significant
environment variance component because of their na-
ture. We have only one type of relatives (siblings) and
therefore, we cannot distinguish between additive and
dominant genetic variance components. So we tested sib-
ling correlation of each trait as a measure of their inheri-
tance. If for a pair of traits their sibling correlations are
significant, then the significant cross-correlation be-
tween traits pair in siblings estimates the presence of
shared genes taking part in formation of both traits. As a
measure of genetic correlation (GC) we used a ratio of
sibling cross-correlation between traits divided on squa-
re root of the both traits sibling correlation product. The
data were processed at the Tel Aviv University computer
center, Israel using the computer programs described by
Nie et al.54.

Results

Table 1 presents results of descriptive statistics for
eleven intra-individual diversity (Div) traits. Sex differ-
ence in this trait have somewhat higher mean values in
males than in females and almost all the differences (ex-
cept Div_11) are statistically significant. While sibling
correlations are non-significant (p> 0.05) for all eleven
Div traits. Table 2 shows, out of fifteen indices of direc-
tional asymmetry (DA), neither sex difference, nor were
significant sibling correlations found. Only DA_15 has
marginally significant sex difference (0.012). Table 3
shows the results of sixteen fluctuating asymmetry (FA)
indices. Sex differences are also having greater in fe-
males for some indices than males, as well as also larger
in females than in males for some indices. However, anal-
ogously no sex differences were found for 16 FA traits.
Only FA_3 and FA_7 traits were found significant (0.044
and 0.007) sibling correlations. Sibling cross-correlation
of these traits was significant (p=0.014, GC=1). Table 4
presents pronounced inheritance of finger ridge count
(FRC) for each digit, sibling correlation varies from 0.183
to 0.355 and almost all p-values are less than 0.01. Table
5 shows the results of four additional quantitative traits
including counts of finger pattern types on 10 fingers.
PII is a complex trait representing the sum of triradii lo-
cated on the finger tips and sex differences are signifi-
cant only for left hand (PII-L). High correlation coeffi-
cients in sibling vary from 0.260 to 0.372 respectively.
Palmar a–b ridge count also significantly correlated, the
values of coefficients are 0.227 and 0.215, while sex dif-
ferences are non- significant. Correlations are low and
non- significant sex differences for mainline termina-
tions (MLD, MLA) and mainline index (MLI). The num-
ber of W has significant positive sibling cross-correlation
with TRC (p=0.008), ARC (p=0.001), PII_L(p=0.001),
PII_R (p=0.001) and PII_B (p=0.001).

Table 6 presents significance of sibling cross- correla-
tion between traits having significant inheritance. TFRC
and AFRC show significant cross- correlation with al-
most all traits except a–b _R and a–b_L. There is signifi-
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cant cross- correlation between last two traits. The num-
bers of fingerprint are not included in Table 6. Because of
very low frequency of Lr and A, numbers of W and Lu are
negative linearly dependent.

Figure 1 presents frequencies of different finger
prints for each finger. Frequency patterns are similar for
corresponding fingers of left and hands. Nevertheless
fingerprints do not always coincide for corresponding fin-
gers. Proportion of coinciding patterns for corresponding
finger pairs is as follows: F19–F25 0.80, F20–F26 0.81,
F21–F27 0.73, F22–F28 0.56 and F23–F29 0.78. So it can
be seen, that F22–F28 pair have most frequencies of A
and Lr and lowest frequency of fingerprints coincidence.
The number of left-right finger pairs having the same
fingerprint varies from 1 to 5. The distribution of this
value in the sample is shown on Figure 2

Discussion

Sex differences are evident significant in the indices
of intra-individual diversity (Div) among Bedouins, but
display different levels when compared with other popu-
lations, perhaps due to high level of consanguinity. The
strength of correlation of both DA and FA is much lower
than theoretical value, indicating that along with the lit-
tle genetic component, the environmental (intrauterine)
factors are mainly considerable (Table1–3). Finger ridge
counts: The present results (Table 4) of sibling correla-
tion vary from 0.183 to 0.355 in finger ridge count
(TFRC). High heritability ranges of correlations 0.5 to
1.0 in sib pairs for (TFRC) obtained by Holt7 among
twins; the theoretically expected values when the envi-
ronmental influences are negligible. However, lower val-
ues were found by earlier studies9,27,55–59. Similarly, lower
correlation values were found based on Factors44,60,61.
Falconer62 suggested that the correlations between ge-
netically related individuals are significantly different.
The observed differences emphasize the importance of
sample structure in appreciation of the correlation val-
ues. For example, Holt7 pointed out that to some degree
of heterogeneity in her sample, which may have in-

creased the values of the resulting correlation coeffi-
cients. Further, it is known fact that environmental dif-
ferences or a strong genetic heterogeneity in a sample
may inflate the correlation coefficients, whereas homoge-
neous populations present lower values of these correla-
tion coefficients. Our results appear similar with these
above observations. The low values of correlation coeffi-
cients may be a reflection of the strong consanguinity
and the low variability of the TFRC indicate the charac-
teristic features of the studied population. Our results
also suggest clearly that a possible genetic basis for the
ridge count of each finger or of groups of fingers. Pattern
intensity index (PII): The present results (Table 5) of sex
differences in PII are in complete agreement with earlier
studies of different populations45,46,63–66. Significant cor-
relation for PII indicated that the dominant nature of
PII, which means controlled by genes, support our ear-
lier study44. a–b ridge count: The results of palmar a–b
ridge count (Table 5) reveal extreme homogeneity for sex
differences and are similar to earlier studies in various
populations23,45,46,65,67–71. However, significant sibling cor-
relations (but low values) indicate its genetic nature and
are similar with earlier studies72. It may be due to the
isolated and inbred nature of our sample. Main lines
(MLA, MLD) and main line index (MLI): All the results
(Table 5) are homogeneous between sexes and sibling
correlations are also non-significant. These results are
very similar with earlier studies47–49,72. Cross- correlation
between traits in siblings: Significant cross- correlations
(Table 6) are almost with all traits except a–b ridge count
indicating significant inheritance and are similar with
earlier results72. The correlation coefficients for diverse
dermatoglyphic traits are perhaps expected in such a
small isolated and consanguineous population. In gen-
eral, we found lower correlation coefficients than in
other non-consanguineous populations.

Conclusion

The familial correlation coefficients of quantitative
dermatoglyphic traits are perhaps expected lower in such
a small isolated and consanguineous population than our
previous studied in Indian populations and Chuvashian
populations from Russia. These results indicate a sim-
pler genetic basis due to high degree (0.09 inbreeding co-
efficient) of consanguinity in Muzeina Bedouin tribe. Sex
differences are evident significant in the indices of intra-
-individual diversity (Div) among Bedouins, but display
different levels when compared with other populations,
perhaps due to high level of consanguinity. The strength
of correlation of both DA and FA is much lower than the-
oretical value, indicating that along with the little ge-
netic component, the environmental (intrauterine) fac-
tors are mainly considerable.
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NASLJE\IVANJE KVANTITATIVNIH DERMATOGLIFSKIH KARAKTERISTIKA S ASIMETRIJOM
I RAZNOVRNO[]U KOD PLEMENA MUZEINA BEDOUIN: MALA IZOLIRANA POPULACIJA U
KONSANGVINITETU IZ JU@NOG SINAJA

S A @ E T A K

Genetski ~imbenici koji zna~ajno doprinose determiniranju karakteristike dermatoglifa dobro su uspostavljeni. No,
kontroverze kod pristupa u problematici su i dalje nejasne. Ova studija predstavlja poku{aj pri evaluaciji nasljednih i
kvantitativnih dermatoglifskih karakteristika sa asimetrijom (DA i FA) i raznovrsnosti (Div) kroz srodne povezanosti.
Obuhva}eno je 218 pojedinca iz 88 obitelji unutar malog izolata, nomadskog plemena Muzeina sa visokim postotkom
konsangviniteta (0.09) iz ju`noj Sinaja. Statisti~ke analize uklju~uju srodnu povezanost, unakrsnu korelaciju i genet-
sku korelaciju (GC) – omjer srodne unakrsne korelacije izme|u karakteristika podijeljenih na kvadratnom korijenu od
produkta srodne korelacije obje karakteristike. Koeficijenti familijarne korelacije za kvantitativne dermatoglifske ka-
rakteristike kod takvih malih izoliranih populacija uz prisutnost konsangviniteta su o~ekivani u ni`oj vrijednosti nego
kod na{e prethodne studije kod populacije Indije i Chuvashian populacije iz Rusije. Ovi rezultati pokazuju jednostavniju
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genetsku osnovu zbog visokog stupnja (koeficijent sro|ivanja 0.09) konsangviniteta kod plemena Muzeina Bedouin.
Nema dokaza o ve}oj umije{anosti gena, iako je mali genetski u~inak uo~en kod familijarne korelacije kod asimetri~nih
(DA i FA) i raznovrsnih (Div) karakteristika kroz srodne korelacije. Uo~ena je zna~ajna interakcija izme|u spolova, {to
je u suprotnosti sa drugih populacija, vjerojatno zbog visoke razine konsangviniteta. Korelacijski koeficijenti ni`i od
onih u ne-konsangvinitetnim populacijama za kvantitativne dermatoglifske krakteristike upu}uju na jednostavniju
genetsku osnovu zbog visokog stupnja koeficijenta sro|ivanja u Muzeini. Dermatoglifska asimetrija i raznolikost obi-
lje`ja se mogu vjerojatnije pojaviti zbog okoli{nih ~imbenika, nego radi dominantnosti kod Bedouina, iako prona|eni
mali genetski u~inak sugerira mjeru razvojne nestabilnosti kod ~ovjeka (FA).

APPENDIX 2
FORMULAE FOR SOME INDICES OF DERMATOGLYPHIC DIVERSITY AND ASYMMETRY:

The directional asymmetry (DA) was computed by the fol-
lowing equation: DAij = XiR – XiL.

The fluctuating asymmetry (FLAs) was computed by using
the absolute differences between the bilateral measurements.
The distribution of the non-absolute differences for each indi-
vidual were corrected (Livshits et al., 1988) to avoid additional
influences (scaling effects) like size of the trait or directional
asymmetry, so as to yield the following equation for computing
FA:

FAij = (XiR – XiL) – 1/n
i

n

=
∑

1

(XiR – XiL)

Where, xi = trait (x) of individual (i); R, L = right and left, n
= size of the sample and FAij is the value of FA of trait (j) in the
Ith individual.

Div I, Div II, Div III. Maximal minus minimal finger ridge
counts in the five left (Div I), five right (Div II), or in the ten fin-

ger ridge counts (Div III). Div IV, Div V = q Qi
i

2 2

1

5

5−
=
∑ / , for the

left (Div IV, S2L), or right fingers (Div V, S2R); Div VI, S2 =

q Qi
i

2 2

1

10

10−
=
∑ / ; Div VII, Div VIII = q Qi

i

2 2

1

5

5−
=
∑ / , for the left

(Div VII, IIDL), or right finger (Div VIII, IIDR); Div IX, S 10 =

(q Qi
i

2 2

1

10

10 10−
=
∑ / ) / ; Div X, S 5 = (q Qi

i

2 2

1

5

5 5−
=
∑ / ) / ;

In these formulae, qi is the ridge count for the ith finger, Q is
the sum of the five finger ridge counts of a hand (Div IV, V, VII,
VIII) or of all the ten fingers (Div VI, IX, X), and k is the sum of
ridge counts of the ith pairs of homologous right and left fingers.

Div. XI. Shannon’s index, D = – P Pi i
i

log
=
∑

1

4

where Pi is the

frequency of each of the four basic finger pattern types on the

ten fingers; Abs XVI, AI = ( )R Li i
i

−
=
∑ 2

1

5

, where Ri and Li are

the ridge counts for the ith finger of the right and left hand.
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APPENDIX 1
LIST OF UTILIZED DERMATOGLYPHIC TRAITS

11 Diversity traits (Div) 15 Directional Asymmetry (DA) traits 16 Fluctuating Asymmetry (FA) traits
Div_1= max – min FRC (lh) DA_1= Div 2 – Div 1 FA_1= Div I – Div 2
Div_2= max – min FRC (rh) DA_2= PII, rh – lh FA_2= PII, rh – lh
Div_3= max – min FRC (r+l) DA_3 = a–b RC, r – l FA_3= a–b, RC, rh – lh
Div_4= S2 l DA_4= RC, rh – lh FA_4 FRC, rh – lh
Div_5= S2 r DA_5= S2, rh – lh FA_5= Div 5 – Div 4
Div_6= S2 (r+l) DA_6= Div 8-Div 7 FA_6= Div 8 – Div 7
Div_7= Sl DA_7= atd angle, r – l FA_7= atd angle, r – l
Div_8= Sr DA_8= a–b dist. r-l FA_8 = a–b dist. r-l
Div_9= Sv10, (r+l) DA_9= ridge breadth, r-l FA_9= ridge breadth, r-l
Div_10= S(r+l) DA_10 = FRC, 5r – 5l FA_10= FRC, 5r – 5l
Div_11= Shannon’s index DA_11= FRC, 4r – 4l FA_11= FRC, 4r – 4l

DA_12= FRC, 3r – 3l FA_12= FRC, 3r – 3l
DA_13= FRC, 2r – 2l FA_13= FRC, 2r – 2l
DA_14= FRC, 1r – 1l FA_14= FRC, 1r – 1l
DA_15= MLI, rh – lh FA_15= MLI, rh – lh

FA_16 = AI, asymmetry index

Abbreviations: RC = ridge count; r = right; l = left; h = hand; PII – Pattern Intensity Index; MLI = main line index; Div I to Div XI =
indices of intra-individual diversity of finger ridge counts; DAs I to Das XV = indices of directional asymmetry; FA I to FA XVI = indi-
ces of fluctuating asymmetry.




