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Abstract

This research work presents a comprehensive overview of four traits related to the
head, with the aim of assessing the statistical phenotypic association among them.
The traits examined in this study encompass earlobe type, tongue rugosity, cleft chin
and tongue rolling. The primary objective was to investigate the potential
associations between these traits and understand their interrelationships. The study
focused on examining specific traits in a diverse group of 7431 unrelated individuals,
where the genders were almost evenly distributed. To facilitate a comprehensive
analysis, three distinct groups were created for each characteristic, comprising the
total population, as well as male and female subsets. The selection of subjects was
carefully done to ensure a fair representation across different geographical regions
within Boshia and Herzegovina, thereby accurately reflecting the nation's national
and ethnic diversity. The association among these traits was assessed for statistical
significance using the Chi-squared test, with Fisher's exact test used as a
supplementary method to examine the connection between each pair of observed
traits. Additionally, the Chi-squared test was applied to examine gender-based
differences in the frequencies of the phenotypic characteristics of the head. Following
traits were shown to have a statistically significant association: tongue rugosity -
tongue rolling, tongue rugosity — earlobe type, cleft chin — earlobe type, cleft chin —
tongue rolling and earlobe type — tongue rolling. Investigation into the variations in
the frequencies of observed phenotypic traits of the head, with respect to gender,
revealed statistically results  for examined.
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Introduction

Within the field of bioanthropological research, the
primary emphasis lies on investigating traits that
can be readily measured, leading to their
classification into distinct categories: dynamic-
morphological, static-morphological, and
biochemical-physical traits. These traits typically
exhibit an oligogenic or polygenic nature,
rendering the assessment of their associations a
challenging endeavor. Consequently, one viable
approach to comprehend the complexity of such
traits involves analyzing phenotypic associations,
wherein the evaluation centers around the
interconnection of different phenotype variants.

The history of bioanthropological research in
Bosnia and Herzegovina traces its origins to the
late 19th century, coinciding with the era of the
Austro-Hungarian Empire. A comprehensive
account of this historical research is available in
the publication by Lasic et al. (2016).
Subsequently, a series of bioanthropological and
genetic studies have been conducted in the region,
with the aim of assessing the heterogeneity within
local populations and the broader Boshian and
Herzegovinian population as a whole. Notable
works include those authored by Ahmic et al.
(2018), Berberovic (1969), Dogan et al. (2016),
Dzehverovic et al. (2021), Hadziselimovic (1981),
Halilovic et al. (2022), Kalajdzic et al. (2021),
Kapur-Pojskic et al. (2014), Kovacevic et al.
(2013, 2014), Lasic et al. (2013, 2016, 2020),
Marjanovic et al. (2005, 2005a, 2006, 2008), and
Pojskic et al. (2013). It is noteworthy, however,
that the majority of these investigations rely on
molecular genetic markers, with a smaller
proportion utilizing phenotypic markers. In 2003,
Pojskic conducted an assessment of heterogeneity
over temporal periods. Moreover, numerous

studies conducted by Bosnian and Herzegovinian
scientists during the last century have focused on
evaluating heterogeneity based on the head
phenotype and other phenotypic traits (Berberovic
1969, 1978; Berberovic et al. 1976;
Hadziselimovic 1977, 1981; Hadziselimovic and
Terzic 1985; Kaunic and Grin 1963). However, it
is essential to note that none of these studies have
explored the associations among different
phenotypic traits. Therefore, the purpose of this
paper is to provide an overview of four potential
traits associated with the head. Utilizing a
substantial dataset, we aim to estimate the
statistical associations between the phenotypes
related to the head.

Through a comprehensive review of relevant
literature on the four traits regarding the head
(Doraczynska-Kowalik et al., 2017; Eidelman et
al., 1976; Jaruga et al., 2022; Redman et al., 1972;
Shaffer et al., 2017; Wiener, 1937), the mode of
inheritance for these traits was established. These
studies have highlighted the presence of variations
in the mentioned traits, indicating underlying
genetic variability. Notably, the majority of these
characteristics are controlled by the influence of
multiple genes, categorizing them as polygenic
traits. Drawing from the insights gathered above, it
becomes evident that investigating the
interrelationships among phenotypic traits related
to the head holds considerable promise and
intrigue within the domain of bioanthropology.

Material and methods

Potential phenotypic associations among four
head-related traits were observed, namely earlobe
type (L), tongue rugosity (F), cleft chin (Ch) and
tongue rolling (R) (Table 1). The research was

conducted on a comprehensive sample of 7431
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unrelated individuals, selected randomly to ensure
a diverse representation across  various
geographical regions in Boshia and Herzegovina,
effectively capturing the characteristic national
and ethnic composition of the population (Figure
1). The gender distribution within the total sample
was approximately equal, and out of the 7431
subjects, data on gender
available for 6985 individuals.
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Figure 1. Geographical dispersion of the studied
local populations in Bosnia and Herzegovina

Table 1. List of four observed head features

Hence, for the examination of phenotypic variant
frequencies and their associations, only samples
with known gender information were included in
the analysis. To assess the statistical significance
of the relationship among these features, the Chi-
squared test was employed. Additionally, Fisher's
exact test was used as an additional measure to
assess the relationship between each pair of
monitored traits. The statistical calculations were
performed using MedCalc version 18.10.2, and a
significance level of 0.05 was considered. To
investigate potential disparities in the frequencies
of phenotypic characteristics of the head based on
gender, the Chi-squared test was employed with a
significance level set at p < 0.05. The dataset was
divided into three distinct groups for each case:
total, male, and female groups.

Results and Discussion

Table 1 provides a comprehensive list of four
observed head-related traits along with their
respective abbreviations. The outcomes of both
Fisher's exact and Chi-squared tests conducted for
all three groups are presented in Tables 2, 3, and 4.

Trait Abbreviation Recessive Variant | Variant 11 Author
Earlobe type L Attached Attached - 0 Free-1 Hilden (1922)
Tongue rugosity
(Fissured tongue) . ,.Normal “Normal” Geographic Turpin and Caratzali
(Geographic tongue tongue - 0 tongue - 1 (1936)
tongue)
] ) . ) Gunther (1939),
Cleft chin (Dimple . Dimple in Smooth .
) ) Ch Smooth chin . . Meirowsky (1924),
in chin) chin-0 chin-1 o
Gillin (1959)
Tongue rolling Non-roller -
. R Non-roller Roller - 1 Sturtevant (1940)
(Tongue curling) 0
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Table 2. Fisher’s exact test p-value and Chi-squared

head features (top section of the table - Chi-squared value; bottom section of the table -

value; * p<0.05; ** p<0.01; *** p<0.001)

value for the whole sample regarding the four monitored
Fisher exact p

L F Ch R
L 40.237*** 11.898*** 30.382***
F 0.000000001*** 0.997 37.520***
Ch 0.000587899*** 0.319294912 3.541
R 0.000000034***  0.000000001***  0.060277203

Table 3. Fisher’s exact test p-value and Chi-squared

head features (top section of the table - Chi-squared value; bottom section of the table -

value; * p<0.05; ** p<0.01; *** p<0.001)

value for the male samples regarding the four monitored
Fisher exact p

L F Ch R
L 24.583*** 29.378*** 24.045%**
F 0.000000905*** 0.036 14.437%**
Ch 0.000000077*** 0.865775718 10.124**
R 0.000000923***  0.000161335***  0.001629648**

Table 4. Fisher’s exact test p-value and Chi-squared value for the female samples regarding the four

monitored head features (top section of the table -
exact p value; * p<0.05; ** p<0.01; *** p<0.001)

Chi-squared value; bottom section of the table - Fisher

L F Ch R
L 21.858*** 2.332 6.419*
F 0.000004462*** 0.194 28.985***
Ch 0.132637630 0.673058588 0.114
R 0.011493533* 0.000000074*** 0.756790642
The frequency difference analysis of monitored “normal” tongue phenotype variant is more

head phenotypic features by gender revealed
statistical significance for L (¥2=39.937, p<0.0001),
F  (32=30.629, p<0.0001), Ch (x2=73.444,
p<0.0001) and R (32=11.570, p=0.0007). Our study
found a statistically significant difference in the
frequency of the phenotype variants L, F, Ch, and R
between the genders. In trait R, the male cohort
shows a balance between non-roller and roller
phenotypes, while the female cohort exhibits a more
pronounced presence of roller phenotypes compared
to non-rollers. In the case of F, for both genders

pronounced in relation to geographic tongue, with a
slightly greater difference noticed in different
variants of this trait in female cohort than male
cohort, while in the case of L, for both genders
attached earlobe variant is more pronounced in
relation to free earlobe, with a larger difference
observed in male group than female group. In trait
Ch, for both genders dimple in chin variant is more
pronounced in relation to smooth chin, with a larger
difference observed in the female group than the
male group.
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Statistically significant association was observed earlobe type, cleft chin — tongue rolling and earlobe
between following traits: tongue rugosity - tongue type — tongue rolling (Figure 2A, B, C, D).
rolling, tongue rugosity — earlobe type, cleft chin —
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Figure 2A. Comparative visual depiction of the combined frequency of related features showing statistically
significant associations
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Figure 2B. Comparative visual depiction of the combined frequency of related features showing statistically
significant associations
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Figure 2C. Comparative visual depiction of the combined frequency of related features showing statistically
significant associations
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Figure 2D. Comparative visual depiction of the combined frequency of related features showing statistically
significant associations
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Tongue rugosity and tongue rolling

Regarding association between F and R, highest
significance was observed in total sample (y2 =
37.520; p < 0.0001, Fisher’s exact test p < 0.0001).
Statistical significance was also observed in both
gender groups, female (x2 = 28.985, p < 0.0001,
Fisher’s exact test p < 0.0001) and male (¥2 =
14.437, p = 0.0001, Fisher’s exact test p < 0.0002).
In the overall sample, the highest proportion of
individuals (2349) had a “normal” tongue and the
ability of tongue rolling, while the smallest
proportion (995) had a geographic tongue and the
ability of tongue rolling. In female cohort, the
highest proportion of individuals (1105) had a
“normal” tongue but didn’t have the ability of
tongue rolling, while the smallest proportion (352)
had a geographic tongue and the ability of tongue
rolling. In male cohort, the highest proportion of
individuals (1293) had a “normal” tongue and the
ability of tongue rolling, and smallest proportion
(643) had a geographic tongue and the ability of
tongue rolling.

Cleft chin and tongue rolling

Regarding the association among Ch and R,
statistical significance was found explicitly in the
male cohort (32 = 10.124, p = 0.0015; Fisher's
exact test p = 0.0016). In contrast, no statistical
significance was found in the female cohort (32 =
0.114, p = 0.7362; Fisher's exact test p < 0.7568).
Among males, the largest proportion of individuals
(1151) exhibited both a dimple in the chin and the
ability to roll their tongues, while the smallest
proportion (778) had a smooth chin along with the
ability to roll their tongues.

Tongue rugosity and earlobe type

In case of traits F and L, statistical significance
was observed in all 3 groups, total, female and

male. In the total group values are as follows (}2 =
40.237, p < 0.0001, Fisher's exact test p < 0.0001),
female group (¥2 = 21.858, p < 0.0001, Fisher's
exact test p < 0.0001) and male group (¥2 =
24.583, p < 0.0001, Fisher's exact test p < 0.0001).
In total group, the highest proportion of
individuals (3222) had a “normal” tongue and a
free earlobe, and smallest proportion (606) had a
geographic tongue and an attached earlobe. In
female group, the highest proportion of individuals
(1433) had a “normal” tongue and a free earlobe,
and smallest proportion (283) had a geographic
tongue and an attached earlobe. Also in male
group, the largest proportion of individuals (1788)
had a “normal” tongue and a free earlobe, and
smallest proportion (323) had a geographic tongue
and an attached earlobe.

Earlobe type and tongue rolling

In case of features L and R, statistical significance
was observed in all 3 groups, total, female and
male. In the total group values are (2 = 30.382, p
< 0.0001, Fisher's exact test p < 0.0001), female
group (¥2 =6.419, p = 0.0113, Fisher's exact test p
< 0.0115) and male group (¥2 = 24.045, p <
0.0001, Fisher's exact test p < 0.0001). In total
cohort, the highest proportion of individuals
(2387) had a free earlobe and didn’t have the
ability of tongue rolling, and smallest proportion
(613) had an attached earlobe and ability of tongue
rolling. Also, in female cohort, the highest
proportion of individuals (1058) had a free earlobe
and didn’t have the ability of tongue rolling, and
smallest proportion (315) had an attached earlobe
and ability of tongue rolling. In male cohort, the
highest proportion of individuals (1426) had a free
earlobe and ability of tongue rolling, and smallest
proportion (298) had an attached earlobe and
ability of tongue rolling.
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Cleft chin and earlobe type

Concerning the relationship between Ch and L, the
highest significance was found in the male cohort
(%2 = 29.378; p < 0.0001; Fisher’s exact test p <
0.0001). Statistical significance was also noted in
the overall sample (2 = 11.898, p = 0.0006;
Fisher’s exact test p < 0.0006). However, no
statistical significance was detected in the female
cohort (y2 = 2.332, p = 0.1267; Fisher’s exact test
p = 0.1326). In the overall sample, the highest
proportion of individuals (3121) exhibited a
dimpled chin and free earlobes, while the smallest
proportion (686) had a smooth chin and attached
earlobes. Within the male cohort, the largest
proportion of individuals (1620) had a dimpled
chin and free earlobes, whereas the smallest
proportion (337) had a dimpled chin and attached
earlobes.

Cleft chin and tongue rugosity

Statistically significant association was not
registered between cleft chin and tongue rugosity.
With respect to Ch and F, the results indicate a
clear lack of statistical significance across all three
cohorts: total (¥2 = 0.997, p = 0.3179, Fisher's
exact test p < 0.3193); female (y2 = 0.194, p =
0.6600, Fisher's exact test p < 0.6731); male (y2 =
0.036, p = 0.8494, Fisher's exact test p < 0.8658).

Genetic background of the observed traits

The inheritance of cleft chin, also known as a chin
dimple (OMIM: 119000), follows an autosomal
dominant pattern, though the exact number of
genes involved remains unclear. Numerous studies
have explored this trait. Guenther (1939)
documented 9 cases across 5 generations, while
Meirowsky (1924) identified 25 cases in 4

generations. Gorlin (1982) observed it over 4
generations, and McKusick (1988) reported it in 3
generations. According to McKusick (1992), it
appears that females are less frequently affected
than males. Some evidence suggests that the SNP
rs11684042 on chromosome 2 may be linked to
cleft chin (AncestryDNA Traits Learning Hub).
Free earlobes (OMIM: 128900) are typically
regarded as dominant in contrast to attached
earlobes. While there are various theories about
the number of genes involved in their inheritance,
Dutta and Ganguly (1965) proposed a polygenic
model. The term “lobelles” is often preferred over
“attached” to describe this trait. El Kollali (2009)
suggested categorizing earlobes into three types
based on the angle of attachment: acute, right, or
obtuse. Lai and Walsh (1966) concluded that
earlobe types do not adhere to a simple Mendelian
inheritance model, as is commonly assumed.
Mohanraju and Mukherjee (1973) observed that in
the Indian population, geographical, ethnic, and
social factors might influence the frequencies of
earlobe types. They recommended using the
overall frequencies of attached -earlobes for
population studies and suggested that quantitative
variation should be considered for further genetic
analysis. Their study also revealed a stronger
association between parents and offspring, but no
evidence to support the notion of a single locus
with two alleles. Early genetic studies on earlobes
by Carriere (1922) and Hilden (1922) produced
conflicting results. Carriére (1922), examining 15
families, concluded that attached earlobes were
dominant, while Powell and Whitney (1937),
studying a single family, found that attached
earlobes were recessive.

Turpin and Caratzali (1936) concluded that a
single gene is responsible for both geographic
tongue and fissured tongue (OMIM:137400).
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Dawson and Pielou (1967), in their study of 18
individuals with geographic tongue—some of
whom also exhibited fissured tongue across three
generations—determined that the inheritance
pattern is autosomal dominant. This finding aligns
with Seiler's (1936) study, which, based on
extensive pedigree data, also supports an
autosomal dominant inheritance pattern. Kullaa-
Mikkonen (1988), in his genetic study of fissured
tongue involving 31 families, found that fissured
tongue with smooth-surfaced papillae is inherited
as a dominant trait with incomplete penetrance,
and often follows the occurrence of geographic
tongue.

The inheritance of tongue curling, folding, or
rolling (OMIM: 189300) is generally regarded as
an autosomal dominant trait following simple
Mendelian principles, although some debate exists
(Mader, 2000). Sturtevant (1940) categorized
individuals into "rollers* and "non-rollers,"
classifying the roller phenotype as dominant. Hsu
(1948) proposed that the ability to fold the tip of
the tongue is recessive, a view supported by Liu
and Hsu (1949) and Lee (1955), who found these
traits to be independent. Matlock (1952), in a study
involving monozygotic twins, suggested that there
is minimal genetic basis for this trait, as
discordance was observed among identical twins.
Martin (1975) reached a similar conclusion, noting
that concordance rates were comparable between
monozygotic and dizygotic twins. Hernandez
(1980) found that 63.7% of males and 66.84% of
females could roll their tongues, and also
identified an association between tongue rolling
and the ability to move the ears (OMIM:129100)
in males.

If these four traits are considered as markers for a
single locus with two alleles, they could be utilized
in preliminary screening analyses to investigate the

genetic structure of populations and their
interrelationships (Hadziselimovic, 1981).

The scientific literature contains limited papers
that provide estimates of the association of
morphological phenotypic traits, particularly
concerning the head. Consequently, this study
holds additional value as it explores the potential
associations of phenotypic traits in a sizable
sample of unrelated individuals. The decision to
focus on four head-related traits stemmed from the
presumption that they might exhibit associations
due to their shared location on the body. The
outcomes of this investigation reveal the presence
of associations among specific phenotypic traits of
the head, leading to the categorization of three
distinct result types. Firstly, statistically significant
associations were observed in both the total
population and the gender-specific subgroups.
Secondly, there were statistically significant
associations observed solely within the total
population. Lastly, the third type of result
exhibited statistically significant associations
exclusively within the gender-differentiated
populations. These findings shed light on the
interplay of phenotypic traits and provide valuable

insights into the complexities of their associations

within the head region.
Conclusion
The assumption regarding the phenotypic

association among head traits encompasses a total
of six trait combinations. Specifically, the
phenotypic association of head traits within gender
groups (M and F) was observed in three
combinations: earlobe type - tongue rugosity,
earlobe type - tongue rolling, and tongue rugosity -
tongue rolling. The evident polygenic nature of the
genetic background underlying these traits
suggests the involvement of several genes in their
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expression, given that they are polygenic traits. A
comprehensive understanding of the inheritance
mechanism would further enrich our knowledge of
the genetic interplay among specific genes that
form the foundation of inheritance.

Authors' contributions

T. Corbo:

Methodology; Writing — original draft; Data
curation; Formal analysis.

N. Pojskic:

Conceptualization; Supervision; Writing — original
draft; Writing — review & editing.

A. Kalajdzic:
Methodology; Data curation; Formal analysis.
R. Hadziselimovic:

Conceptualization; Resources.

Conflict of interest

Authors declare no conflict of interest.

References

Ahmic A, Kalamujic B, Ismailovic A, Lasic L, Halilovic E,
Mujkic I, et al. (2018) Mitochondrial DNA diversity of the
Roma from northeastern Bosnia, Bosnia and
Herzegovina. Homo 69(6):347-356.

AncestryDNA Traits Leaming Hub (2024) Cleft chin.
AncestryDNA. Retrieved August 5, 2024, from
https:/Awwv.ancestry.conmvcitraits-learning-hub/cleft-chin

Berberovic Lj (1969) Theoretical frequencies of allelogenes
IA, IB and I° in the population of Bosnia and
Herzegovina. Acta Med lugosl 23:62.

Berberovic Lj (1978) [in Bosnian] Populaciono-geneticka
analiza uCestalosti alternativnih fenotipova sekrecije ABH
antigena u dvanaest uzoraka stanovnistva BiH. Glas
Antropol Drus Jugosl 5:47-59.

Berberovic Lj, Hadziselimovic R, Maric C, Karanac V
(1976) [in Bosnian] Populacijska genetika osnovnih
krvnih grupa MN sistema u uzorku slucajeva spormog
ocinstva. First Congress of Yugoslav Geneticists,
Dubrovnik, Croatia, Summaries: 14.

Carrigre R (1922) [in German] Uber erbliche Orhformen,
insbesondere das angewachsene Ohrldppchen. Z Indukt
Abstamm Vererbungslehre, 28, 288-242.

Dawson TAJ, Pielou WD (1967) Geographical tongue in
three generations. Brit J Derm, 79, 678-681.

Dogan S, Asic A, Dogan G, Besic L, Marjanovic D (2016)

haplogroups the
Herzegovinian population based on 23 Y-STR loci. Hum
Biol 88:201-209.

Doraczynska-Kowalik A, Nelke KH, Pawlak W, Sasiadek
MM, Gerber H (2017) Genetic Factors Involved in
Mandibular Prognathism. J Craniofac Surg 28(5), e422—
e43L.

Dutta P, Ganguly P (1965) Further observations on ear lobe
attachment. Acta Genet, 15, 77-86.

Dzehverovic M, Cakar J, Bujak E, Pilav A, Ramic J,
Kalajdzic A, et al. (2021) DNA analysis of skeletal
remains of an important historical figure from the period
of mediaeval Bosnia. Int J Osteoarchaeol 31(5), 857—865.

El Kollali R (2009) Earlobe morphology: A simple
classification of normal earlobes. J. Plast Reconstr Aesthet
Surg, 62, 277-280.

Eidelman E, Chosack A, Cohen, T (1976) Scrotal tongue
and geographic tongue: polygenic and associated traits.
Oral Surg Oral Med Oral Pathol 42(5), 591-596.

Gillin J (1959) Varietas in modem man. Human evolution.
(Kom N, Reece S-H, 1959), Henry Comp., New York.

Gorlin RJ (1982) Personal communication. Minneapolis,
MN.

Glnther H (1939) [in German] Anomalien und
Anomaliekomplexe in der Gegend des ersten
Schlundbogens. Z Mensch Vererb Kons 23:43-52.

Y-chromosome in Bosnian-



www.genapp.ba

Genetics&Applications Vol.8 | No.2 | December, 2024

Hadziselimovic R (1977) [in Bosnian] Genetika sekrecije
ABH antigena u stanovnistvu Bosne i Hercegovine. God
Biol Inst Univ Sarajevu 30:29-104.

Hadziselimovic R (1981) Genetic distance among local
human population in Bosnia and Herzegovina
(Yugoslavia). Coll Antropol 5:63.

Hadziselimovic R, Terzic R (1985) [in Bosnian]
Populacijska genetika krvnih grupa ABO i Rh sistema u
stanovnistvu banjalucke i bihacke regije. God Biol
Instituta Univ Sarajevu 38:143-150.

Halilovic E, Ahmic A, Kalajdzic A, Ismailovic A, Cakar J,
Lasic L, et al. (2022) Paternal genetic structure of the
Bosnian-Herzegovinian Roma: A Y-chromosomal STR
study. Am J Hum Biol 34(6), e23719.

Hermandez M (1980) [in Spanish] La movilidad del
pabellon auditivo. Trab Antrapol, XV111(4), 199-203.

Hilden K (1922) [in German] Uber die form des
ohrlappehens beim Menschen und ihre Abhéngigkeit von
Erbanlangen. Hereditas 3:351-357.

Hsu TC (1948) Tongue upfolding: A newly reported
heritable character in man. J Hered, 39, 187-188

Jaruga A, Ksiazkiewicz J, Kuzniarz K, Tylzanowski P
(2022) Orofacial Cleft and Mandibular Prognathism—
Human Genetics and Animal Models. Int J Mol Sci
23(2):953.

Kalajdzic A, Pojskic N, Corbo T, Hadziselimovic R (2021)
Phenotypic association of seven observed traits of hand
complex. J Bioanthropol 1(1):6-16.

Kaunic P, Grin E (1963) [in Bosnian] Krvne grupe
stanovniStva. Nau¢no drustvo BiH — Posebna izdanja
3:621-625.

Kapur-Pojskic L, Pojskic N, Radosavljevic G, Marjanovic
D, Hadziselimovic R (2014) MtDNA variation within
local human populations in Bosnia and Herzegovina.
Genetika 46(1):209-218.

Kovacevic L, Tambets K, llumée AM., Kushniarevich A,
Yunushayev B, Solnik A, et al. (2014) Standing at the
Gateway to Europe - The 226 Genetic Structure of

Western Balkan Populations Based on Autosomal and
Haploid Markers. PL0oS One 9(8):105090.

Kovacevic L, Fatur-Ceric V, Hadzic N, Cakar J, Primorac
D, Marjanovic D (2013) Haplotype data for 23 Y-
chromosome markers in a reference sample from Bosnia
and Herzegovina. Cro Med J 54(3):286-290.

Kullaa-Mikkonen A (1988) Familial study of fissured
tongue. Scand J Dent Res, 96, 366-375.

Lai LYC, Walsh, RJ (1966) Observations on ear lobe types.
Acta Genet Stat Med, 16, 250-257.

Lasic L, Cakar J, Radosavljevic G, Kalamujic B, Naris P
(2016) Historical Overview of the Human Population-
Genetic Studies in Bosnia and Herzegovina: Small
country, Great Diversity. Coll Antropol 40(2):145-149.

Lasic L, Lojo-Kadric N, Silajdzic E, Pojskic L,
Hadziselimovic R, Pojskic N (2013) Molecular genetic
variance of RH blood group system within human
population of Bosnia and Herzegovina. Bosn J Basic Med
Sci 13:10-13.

Lasic L, Kalajdzic A, Kalamujic Stroil B, Pojskic L,
Hanjalic J, Usanovic L, et al. (2020) Molecular Variation
of Rh, MN, Duffy, Kidd, Kell, and Lutheran Blood
Groups in the Human Population of Bosnia and
Herzegovina. Hum Biol 92(2):81-92.

Lee JW (1955) Tongue-folding and tongue-rolling in an
American Negro population sample. J Hered, 46, 289-
291.

Liu TT, Hsu TC (1949) Tongue-folding and tongue-rolling
in asample of the Chinese population. J Hered, 40, 19-21.

Mader SS (2000) Human Biology (6th ed.). Boston:
McGraw-Hill.

Marjanovic D, Bakal N, Pojskic N, Kapur L, Drobnic K,
Primorac D, et al. (2006) Allele frequencies for 15 short
tandem repeat loci in a representative sample of Bosnians
and Herzegovinians. Forensic Sci Int 156:79-81.

Marjanovic D, Fomarino S, Montagna S, Primorac D,
Hadziselimovic R, Vidovic S, et al. (2005) The peopling

modern Y-chromaosome

of Bosnia-Herzegovina:



www.genapp.ba

Genetics&Applications Vol.8 | No.2 | December, 2024

haplogroups in the three main ethnic groups. Ann Hum
Genet 69:757-763.

Marjanovic D, Kapur L, Pojskic N, Hadziselimovic R
(2005a) DNA diversity in the studies of genetic distance
among isolated human popuation in Bosnia. Hum Evol
20(2-3):157-166.

Marjanovic D, Pojskic N, Kapur L, Haveric S, Durmic-
Pasic A, Bajrovic K, et al. (2008) Overview of human
population-genetic studies in Bosnia and Herzegovina
during the last three centuries: history and prospective.
Coll Antropol 32: 3:981-987.

Martin NG (1975) No evidence for a genetic basis of tongue
rolling or hand clasping. J Hered, 66, 179-180.

Matlock P (1952) Identical twins discordant in tongue-
rolling. J Hered, 43, 24.

McKusick VA (1988) Personal communication. Baltimore,
MD.

McKusick VA (1992) Personal communication. Baltimore,
MD.

Meirowsky (1924) [in German] Kleine Beitraege zur
Vererbungswissenschaft. Arch f Rassen u Gesell Biol 16:
439-443.

Mohanraju C, Mukherjee DP (1973) Ear lobe attachment in
an Andhra village and other parts of India. Hum Hered,
23,288-297.

Pojskic, N (2003) [in Bosnian] Kompleksna analiza
razli¢ith modela proucavanja geneticke distance i njenih
mogucih faktora u stanovnistvu BiH: magistarski rad.

Pojskic N, Silajdzic E, Kalamujic B, Kapur-Pojskic L, Lasic
L, Tulic U, et al. (2013) Polymorphic Alu insertions in
human populations of Bosnia and Herzegovina. Ann
Hum Biol 40:181-185.

Powell EF, Whitney DD (1937) Ear lobe inheritance: An
unusual three-generation photographic pedigree-chart. J
Hered, 28, 185-186.

Redman RS, Shapiro BL, Gorlin RJ (1972) Hereditary
component in the etiology of benign migratory glossitis.
AmJ Hum Genet 24(2):124-133.

Seiler A (1936) [in German] Zur Verbreitung und
Vererbung der Faltenzunge (lingua plicata). Arch. Klaus
Stift. Vererbungsforsch., 11, 541-569.

Shaffer JR, Li J, Lee MK, Roosenboom J, Orlova E,
Adhikari K, et al. (2017) Multiethnic GWAS Reveals
Polygenic Architecture of Earlobe Attachment. Am J
Hum Genet 101(6):913-924.

Sturtevant AH (1940) A new inherited character in man.
Proe Nat Acad Sci 26:100-102.

Turpin R, Caratzali A (1936) [in French] Contribution a
Ietiologie de la glossite exfoliatrice marginee. Presse Med
44:1273-1274.

Wiener AS (1937) Complications in ear genetics. J Hered
28:425-426.



