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Abstract: 
Human morphogenetic traits are hereditary physical characteristics that are inherited as autosomal dominant or recessive traits and show differential expressions among various populations. These traits have been used as classical examples in human genetics for many decades and continue to remain an important area of study in population genetics, medical genetics, and forensic science. The current literature related to the phenotypic expression of nine major morphogenetic traits, such as tongue rolling, earlobe attachment, widow's peak, cleft chin, dimpled cheeks, hitchhiker's thumb, bent little finger, mid-phalangeal hair, and polydactyly, in relation to ABO-Rh blood group systems, is synthesized in this review article, particularly focusing on studies conducted in Nigeria, Lesotho, Pakistan, China, and other parts of the world, to understand the sex differences, geographical variability, and genetic complexities related to these traits. The findings suggest that many morphogenetic traits, which were earlier considered to be simple hereditary traits, might have a complex mode of inheritance, and studies related to ABO blood group systems might provide an exciting area for research, although it has been largely neglected in the past. The methodological limitations, such as bio-cultural context and population stratification, have also been highlighted for future research. 
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الملخص
الصفات المورفوجينية البشرية هي خصائص جسدية وراثية تُورث كصفات جسمية سائدة أو متنحية، وتُظهر أنماطًا مختلفة من التعبير بين المجموعات السكانية المتنوعة. وقد استُخدمت هذه الصفات لعقود عديدة كأمثلة كلاسيكية في علم الوراثة البشرية، ولا تزال تمثل مجالًا مهمًا للدراسة في وراثة الجماعات، والوراثة الطبية، وعلوم الأدلة الجنائية. تستعرض هذه المقالة المرجعية الأدبيات العلمية المتعلقة بالتعبير الظاهري لتسع صفات مورفوجينية رئيسية، وهي: القدرة على لف اللسان، وطبيعة اتصال شحمة الأذن، وقمة الشعر الأمامية (Widow’s Peak)، والذقن المشقوق، وغمازات الخدود، وإبهام المنحني، وانحناء الإصبع الصغير، ووجود الشعر على السلامية الوسطى للأصابع، وتعدد الأصابع، وعلاقتها بأنظمة فصائل الدم ABO وRh. وتركز المراجعة بشكل خاص على الدراسات التي أُجريت في نيجيريا وليسوتو وباكستان والصين ومناطق أخرى من العالم بهدف فهم الفروق بين الجنسين، والتباين الجغرافي، والتعقيدات الوراثية المرتبطة بهذه الصفات. وتشير النتائج إلى أن العديد من الصفات المورفوجينية التي كان يُعتقد سابقًا أنها صفات وراثية بسيطة قد تمتلك نمطًا وراثيًا أكثر تعقيدًا، وأن الدراسات المتعلقة بأنظمة فصائل الدم ABO قد تمثل مجالًا واعدًا للبحث العلمي، رغم أنها لم تحظَ بالاهتمام الكافي في الماضي. كما سلطت الدراسة الضوء على بعض القيود المنهجية، مثل السياق الحيوي-الثقافي والتباين الطبقي بين السكان، والتي ينبغي أخذها في الاعتبار في الدراسات المستقبلية.

الكلمات المفتاحية: الصفات الظاهريه ، فصيلة الدم ABO، عامل الريسيسي RH ، التوزيع الظاهري، الوراثة المندلية، علم الوراثة السكانية، توازن هاردي-فاينبيرغ نيجيريا
Introduction
Human morphogenetic traits have been defined as physical characteristics that are inheritable and transmitted to human offspring in an autosomal dominant or recessive pattern. Human morphogenetic traits vary in expression in human populations (Adekoya et al., 2020). Human morphogenetic traits have traditionally been used to teach and illustrate Mendelism, and the study of these traits has considerable importance in human population genetics, medicine, and forensics.
The scientific study of morphogenetic traits offers a framework to understand the transmission of genetic information from one generation to another. Human morphogenetic traits include tongue rolling, earlobe attachment, widow's peak, hitchhiker's thumb, cleft chin, dimpled cheeks, mid-phalangeal hair, and the ability to taste phenylthiocarbamide (PTC). All these human morphogenetic traits have been extensively studied in various human populations (Joseph, 2022). All these human morphogenetic traits, in aggregate, offer a view of the process of heredity.
However, many issues still need to be clarified in the genetic background of these characteristics and their correlations with other genetic markers, especially the ABO and Rh blood group systems. Indeed, the ABO blood group system, controlled by a single gene with multiple alleles located on chromosome 9, and the Rh blood group system, essentially controlled by the RHD and RHCE genes located on chromosome 1, are some of the most studied polymorphisms in human genetics.
This review has three main objectives: (1) to provide a summary of the current state of knowledge in the phenotypic frequency of some relevant morphogenetic characteristics; (2) to discuss the data supporting or opposing the correlations between morphogenetic characteristics and the ABO-Rh blood group systems; and (3) to highlight some of the gaps in the literature and propose some avenues for future research.
2. Human Morphogenetic Traits: Overview and Inheritance
The field of human genetics has different branches, which include classical genetics, cytogenetics, molecular genetics, genomics, and population genetics (Joseph, 2022). In this broad context, the field of morphogenetic traits holds a special place as it is both easy to observe and has practical value in the larger context of the population as a whole. 
The basic genetic principle that explains the inheritance of dominant traits states that an individual will express the dominant phenotype if they have two copies of the dominant gene, one from each parent. Conversely, an individual will express the recessive phenotype if they have two copies of the recessive gene. However, recent evidence points to the fact that morphogenetic traits may not be inherited in this simple Mendelian pattern. A polygenic or multifactorial inheritance of traits may be the best way to explain the distribution of different morphogenetic traits in different populations (Adekoya et al., 2020).
3. Phenotypic Distribution of Key Morphogenetic Traits
3.1 Tongue Rolling and Related Tongue Traits
Tongue rolling, or the capacity to make the sides of the tongue curl into a tube, was regarded as a traditional example of an autosomal dominant characteristic. A new study by Nwosu et al. (2022) conducted among university students in Eastern Nigeria revealed that there was no significant morphogenetic relationship between tongue rolling and ABO blood groups. It was interesting to note that this research also revealed that there was a relationship between left-hand dominance and blood group AB, which could have implications in forensic science. In a study by Asita, Ntsane, and Taole (2022) conducted in the Maseru District of Lesotho among students, the prevalence of tongue rolling was found to be high at 76.63%. This was higher in comparison to the Nigerian population. Tongue folding was found to be the dominant characteristic in this group at 53.27%, while free earlobe attachment was also prevalent at 59.01%.
A study that examined the allelic frequency of tongue rolling in six geopolitical zones in Nigeria (2025) reported that 56.4% of the population were able to roll their tongues, compared to 43.6% that were not able to roll their tongues. There were geographic variations in tongue rolling ability, with higher frequencies in the Southwest (65.3%) and Northwest (57.1%) regions. There was a statistically significant association between tongue rolling and biological sex, with higher frequency distributions (p < 0.05). This is a critical factor that has to be considered in comparative morphogenetic studies.
3.2 Earlobe Attachment
Earlobe attachment is one of the most common human morphogenetic traits that has been extensively studied around the world and serves as one of the most representative examples of human genetics. It has been established that earlobes can be either free or attached, with the latter being recessive and the former dominant. However, despite its relative simplicity as an example of human genetics, the actual mode of inheritance of earlobe attachment is quite complex.
Jaiyeoba-Ojigho et al. (2024) have recently studied the distribution of earlobe attachment in Delta State, Nigeria, indicating that males exhibit higher frequencies of attached earlobes compared to females, with 35.1% of males exhibiting this trait. However, what was most interesting was that only the hitchhiker's thumb was in Hardy-Weinberg equilibrium, indicating that evolution, or one of its manifestations, is acting on the rest of the traits, including earlobe attachment.
Ordu, Didia, and Egbunefu (2023) have shown that the distribution of the earlobe trait differs between the Efik and Ikwerre tribes of Nigeria, indicating that, like with other morphogenetic traits, the distribution of this particular trait also differs not only between countries but also between tribes within the country itself.
In addition, the multi-ethnic Nigerian study found that the characteristic had a sex-based association for earlobe attachment, where free earlobes were more common among women (\(\chi\)² = 10.82, df = 1, p < 0.05). The study, however, cautioned against the replication of genetic epidemiology findings without considering the bio-cultural context of each study, which is a major methodological problem in morphogenetic studies.
3.3 Widow's Peak, Cleft Chin, and Dimpled Cheeks
Widow's peak, or V-shape hairline, has been traditionally regarded as an autosomal dominant trait. The first systematic attempt at synthesizing the clinical, developmental, and genetic aspects of widow's peak as a morphogenetic phenomenon was made by Kyriakou, Glentis, and Papanikolaou (2021), who highlighted its association with genetic syndromes and its need for clinical significance.
In a genome-wide association study conducted on a Chinese population, specific genetic loci were found to be associated with widow's peak, including the GMDS-AS1 locus (rs4959669, p = 1.29 * 10⁻⁴⁹) and the SPRED2 gene (rs13423753, p = 2.99 * 10⁻¹⁴). These studies suggest that 'simple' autosomal dominant traits can have a complex molecular genetic basis, possibly due to multiple loci of small effect, and that the genetic basis for widow's peak might differ between Africans and East Asians.
Cleft chin, which is generally associated with a dominant allele, shows exceptions to simple dominance in pedigree studies. Asita et al. (2022) have documented cleft chin as one of the rarest features in the Lesotho study group (11.68%), where smooth-chinned parents have occasionally given birth to cleft-chinned children, which does not follow simple dominance. Dimpled cheeks, which have been associated with a dominant gene, show considerable variance in phenotype among different populations.
3.4 Hitchhiker's Thumb, Bent Little Finger, and Mid-Phalangeal Hair
Hitchhiker's thumb, or distal hyperextensibility of the thumb ≥ 90°, is an autosomal recessive characteristic. The study by Adekoya et al. (2020) documented a high prevalence rate of 46.5% among students at the University of Lagos, indicating significant differences in the frequencies of the alleles for this characteristic among different populations, as it is much higher than in European populations.
Bent little finger is an autosomal dominant characteristic. Asita et al. (2022) documented a high prevalence rate of 53.07% among the Lesotho population, indicating autosomal dominant inheritance. The Hardy-Weinberg law was applied by Jaiyeoba-Ojigho et al. (2024) to show that homozygotes outnumbered heterozygotes for this characteristic among parents and offspring, indicating possible selection pressure and/or assortative mating.
Mid-phalangeal hair shows dramatic worldwide variability, ranging from < 2% among Inuit to 75% among Northern Europeans. Ali et al. (2022) documented a study among the Pakistani population, in which mid-phalangeal hair was found to be a recessive characteristic, paradoxically occurring more frequently than the dominant form. This phenomenon is attributed to possible heterozygote advantage, mutation pressure, or non-Mendelian inheritance.
4. ABO-Rh Blood Groups and Their Relationship to Morphogenetic Traits
The ABO blood group system was one of the first genetic polymorphisms to be documented in the human genome. This blood group system has been considered to be of great clinical and anthropological importance. This blood group system is controlled by a single locus gene (ABO gene) that is located on chromosome 9. There are three alleles of the ABO gene: I^A, I^B, and i. The Rh blood group system is the most complex of all the blood group systems, with multiple antigens encoded by two genes: RHD and RHCE, which are both located on chromosome 1. The investigation of the potential association between blood group genotypes and frequencies of certain morphogenetic traits has been considered an area of growing interest. Nwosu et al. (2022) have explicitly investigated the association between blood group genotypes and tongue rolling in an Eastern Nigerian university student population. There was no association between tongue rolling and ABO blood group phenotypes. However, the association between blood group AB and left-hand dominance may suggest that the blood group loci or their linked genetic regions may be influencing other phenotypic traits.
A prior study conducted in Ekpoma, Nigeria (Nwaopara et al., 2008) focused on morphogenetic trait combinations in association with ABO blood groups and genotypes. This is one of the first attempts to explore this relationship in Africans. Although no definitive relationship is established, the association of certain trait combinations with blood group phenotypes is worthy of further investigation in a controlled setting.
No significant relationship could also imply that morphogenetic traits and blood group phenotypes are controlled by genes on separate chromosomes. However, indirect effects due to stratification or other factors such as founder effects or evolutionary pressures are difficult to discount without genome-wide analyses in various ethnic groups, including this type of trait and this type of blood group phenotype together.
5. Methodological Considerations and Limitations
Another methodological issue that often arises in the study of morphogenetic traits is the failure to consider bio-cultural contexts. For example, some studies have been criticized for not considering the population history or admixture in their classification of traits as dominant or recessive (Nwaopara et al., 2008).
Sex-based associations have been established in some of the traits, including tongue rolling and earlobe attachment. This implies that sex plays a critical role in the covariates of trait distributions.
Hardy-Weinberg equilibrium testing can offer a valuable tool in identifying departure from the expected allele frequency, which may point to selection, genetic drift, or non-random mating, and possibly admixtures. Most of the studied traits in Nigerian families were not in Hardy-Weinberg equilibrium, according to Jaiyeoba-Ojigho et al. (2024), and thus highlight the importance of evolutionary considerations in morphogenetic studies.
The small sample sizes and one-institution sampling strategy are limitations in some of the current studies. The large zonal study in Nigeria (2025) is a methodological advancement, but similar designs are still awaited in other countries and ethnic groups worldwide.
6. Future Research Directions
From this review, some priority areas have been highlighted. The first area is genome-wide association studies that include morphogenetic traits and blood group phenotypes in large, ethnically diverse African populations, which would have unprecedented power for detecting genetic associations and pleiotropic effects.
A second area is the molecular characterization of the genetic basis for morphogenetic traits such as widow's peak and earlobe attachment in African populations, as most genome-wide association studies have been conducted in East Asian or European populations.
A third area is longitudinal studies that follow the manifestation of traits over generations within a family, which would show the pattern of penetrance, expressivity, and mode of inheritance.
A fourth area is studies into possible associations between Rh blood group phenotypes and morphogenetic traits, as the Rh blood group system has been comparatively neglected in morphogenetic association studies, at least relative to ABO.
7. Conclusion
The review here shows that human morphogenetic traits are subject to significant variability in phenotypic distribution within populations, as demonstrated by the effects of sex, geography, ethnicity, and evolution. Although the relationship of ABO-Rh human blood groups to human morphogenetic traits has been largely inconclusive, the evidence that does exist suggests promising areas of research, such as the association of the AB blood group with hand dominance.
The simplistic dominant/recessive model of human morphogenetic traits, long the basis of teaching these concepts, is being increasingly challenged by molecular and population-based evidence to support the development of polygenic and biocultural models of human morphogenetic inheritance. Further research into human morphogenetic inheritance will require the efforts of geneticists, anthropologists, clinicians, and statisticians, as well as investment in ethnically diverse genomic databases.
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