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ABSTRACT 

Background: The mapping of the human genome and cracking the "code of life" have been 
huge and era-defining scientific achievements, comparable to walking on the moon. We have 
made exponential progress over the past century in our understanding of the biological, and 
more especially the molecular, causes of health and disease. Fundamental theoretical and 
scientific advancements in the study of heredity, the identification of the DNA molecule and 
genes, and the clarification of the fundamental tenet of biology characterise the early 20th 
century. Experimental and increasingly molecular research, including clinical and 
demographic applications, dominated the second half. The Human Genome Project's 2003 
completion and ongoing technological advancements have democratised access to this 
knowledge and the capacity to produce data on health and disease associations; however, 
genomic and precision medicine have not yet been fully realised in terms of actually 
improving people's health. 
The field of oral health has advanced significantly over the past century, greatly benefiting 
from genetic and genomic discoveries. It was discovered that tooth caries had a genetic 
component as early as the 1920s. Later advances were made in identifying the genetic 
underpinnings of uncommon illnesses such ectodermal dysplasias, orofacial clefts, and other 
craniofacial and dental deformities. More recently, genome-wide analyses have been carried 
out and published for a number of conditions and features, including periodontal disease, 
dental caries, tooth agenesis, head and neck malignancies, orofacial discomfort, 
temporomandibular disorders, and craniofacial morphometrics. The most recent frontier in 
the era of genomic medicine has been reached with gene therapies and CRISPR/Cas gene 
editing. There are a number of obstacles to overcome and chances to seize as genomics 
advances quickly. The increase of practitioner and public genomics literacy, the promotion of 
individual and population oral health, and the eradication of inequities are only a few of the 
important systematic initiatives required to fully fulfil the potential of genomics. 
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1. INTRODUCTION 

 

There have been few human accomplishments of such scope and ambition as the exploration 
of the beginnings and limits of the observable cosmos, the identification of the fundamental 
components that comprise our planet, and the deciphering of the human genome.Like 
stepping foot on the moon, two of these historic and era-defining scientific achievements 
include deciphering the "code of life" and mapping the human genome.Although the 
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foundations of heredity theories can be traced back to ancient philosophers like Hippocrates 
and Aristotle, Mendel's (1865) research on pea plants, which was carried out more than 2,000 
years later, is regarded as the basis of the majority of modern work on biology and genetics. 
Our knowledge of the biological, genetic, and particularly molecular causes of health and 
disease has advanced at an extraordinary and exponential rate over the past century. This 
article outlines the accomplishments and significant contributions made in the field of oral 
and craniofacial health genomics over the last century and covers the developments and 
historical moments in the study of the human genome. 
 

Heritability, chromosomes, and genes in the early part of the twenty-first century 

Since Schwann's "cell theory" in the middle of the 19th century, it had been widely accepted 
that cells are the basic building blocks of life by the beginning of the 21st century. The terms 
genotype, phenotype, and gene were first coined and used in the early 20th century by 
Wilhelm Johannsen (2014), and separate research by Walter Sutton and Theodor Boveri 
reinforced the idea that chromosomes carry the genetic material. Hugo De Vries, Erich von 
Tschermak, and Carl Erich Correns, among other European scientists, conducted studies at 
about the same period that supported and revived Mendel's work on genetics and heredity, 
even while most of its mechanical components remained obscure. 
The foundation for understanding the structure and function of the genome was gradually laid 
over the course of the following two decades.Jean Brachet proposed that DNA is present in 
the cell nucleus in 1933. Beadle and Tatum (1941) put forward the "one gene-one enzyme" 
theory seven years later, laying the groundwork for biology's core dogma. Oswald Avery 
(Avery et al. 1944) claimed that DNA is a "transforming principle." Erwin Chargaff stated in 
1950 that while the balance of A-T and C-G ratios differs between species, the ratios of 
adenine to thymine and cytosine to guanine are equal. He then suggested that DNA "could 
very well serve as one of the agents, or possibly the agent, concerned with the transmission of 
inherited properties." 
 

DNA and the "Code of Life" in the latter half of the twenty-first century 

James Watson and Francis Crick published their foundational work on the double-helix 
structure of the DNA molecule in 1953 with the assistance of observations made by Rosalind 
Franklin and Maurice Wilkins (Fig. 1). A decade or so after that, Nirenberg and 
Matthaei(1961) reported that a synthetic triplet of DNA polynucleotide letters (a UUU codon) 
could control protein synthesis and generate a polyphenylalanine protein, which was the first 
step in deciphering the genetic code. After that, Nirenberg reported the amino acid nucleotide 
sequences that make up the "code of life" (Bernfield and Nirenberg 1965), for which he was 
given the 1968 Nobel Prize in Physiology and Medicine.Frederick Sanger, who invented 
DNA sequencing techniques and technologies in 1977 (Sanger et al. 1977), and Kary Mullis, 
who later invented the polymerase chain reaction, served as catalysts for further 
advancements (Saiki et al. 1988). Victor McKusick, a pioneer in the field, compiled a list of 
Mendelian features and disorders in the 1960s under the title Mendelian Inheritance in Man 
(McKusick 2016). 
Today, the definitive, reference database of human genes and genetic traits is the Online 
Evolution of the Catalogue (OMIM). Meanwhile, genetic findings that had direct clinical 
application started to emerge. Lejeune et al. (1959) connected trisomy 21 to Down syndrome, 
while Gusella et al. (1983) mapped Huntington's disease to chromosome 4 and linked it to a 
particular trinucleotide repeat (Andrew et al. 1993) 
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Three Decades of Genomics in the New Era 

In an editorial written by Victor McKusick and Frank Ruddle (1987), which appeared in the 
inaugural volume of the journal Genomics, the term "genomics" made a daring premiere. The 
Human Genome Initiative, a $2.7 billion, 15-year project carried out by an unprecedented 
collaboration of various US-based and worldwide governmental and corporate entities, was 
one of the most ambitious projects ever began shortly after (Collins et al. 2003). 2001 saw the 
release of the first draught of the human genome, and 2003 saw the completion of the 
sequence (International Human Genome Sequencing Consortium 2004).As soon as this 
milestone was reached, there was a flurry of discussion among various stakeholders about 
how it related to health care and how it would alter how medicine was practised (i.e., 
"genomic medicine"; Strasser 2003; Green et al. 2011). 
The whole human genome may now be sequenced (also known as whole genome 
sequencing) in a matter of days for less than $1,000 thanks to recent technical 
advancements.As a result, numerous studies have been conducted over the past ten years in 
an effort to uncover genomic markers (i.e., single markers, also known as single-nucleotide 
polymorphisms) linked to both uncommon and common diseases and features. As of 
September 1, 2016, there were more than 24,000 distinct single-nucleotide polymorphism-
trait connections identified from genomewide association studies, which is an amazing 
number of associations between genomic areas and health variables (MacArthur et al. 2017). 
In contrast, the American College of Medical Genetics and Genomics states that only 59 
genetic variants are deemed reportable (to research participants) (Kalia et al. 2017). 
When it comes to common complex diseases with significant environmental or behavioural 
components, it is rare for the results of genome-wide association studies or whole genome 
sequencing to be immediately actionable. Nevertheless, these studies continue to produce 
insightful information and groundbreaking discoveries about the aetiology of a number of 
significant human diseases (Manolio et al. 2009). Furthermore, the US National Institutes of 
Health have launched a daring research strategy to address some of the ethical, legal, social, 
and diversity issues that have long been associated with genomics research (Sankar and 
Parker 2017). Finally, it is anticipated that the emergence of precision medicine (Collins and 
Varmus 2015) will enhance health by providing a more accurate accounting for individual 
variability, including but not limited to genetics. 
 

Genomics and dental medicine advancements 

Dental and Craniofacial Health Traits and Conditions: Genetic Insights 

On the heritability of oral and craniofacial features, similar to other systemic illnesses and 
traits, there have been significant advances and early studies. As early as the 1920s, 
observations of a hereditary component of dental caries were made (Kappes 1928; Bunting 
1934; Klein and Palmer 1940; Hunt et al. 1944). Carl Witkop, who later edited the book 
Genetics and Dental Health, provided an overview of dental hereditary diseases in a 
significant paper while working at the National Institute of Dental Research. These diseases 
included dentinogenesis imperfecta, dentin dysplasia, enamel hypoplasia, tooth agenesis, 
Ehlers-Danlos syndrome, ankyloglossia, and dental caries (Witkop 1958). 
The genetic causes of rare disorders such ectodermal dysplasias, orofacial clefts, and other 
craniofacial and dental malformations have been uncovered as a result of several additional 
studies carried out over the past century. Slavkin presented a thorough and comprehensive 
assessment of genetics and genomics breakthroughs in relation to research on oral and 
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craniofacial health (2012). In a similar vein, Schaefer (2018) and Morelli et al. (2019) 
recently published thorough reviews on the genetics of periodontal disease and tooth 
morbidity. Vieira et al. (2014) provided an excellent review of human genomes research 
focused in dental caries (i.e., dental caries and tooth loss) 
 

The era of genomics 

In contrast to candidate-gene studies, genome-wide association studies have recently made it 
possible to examine significant portions of the human genome's variation. These studies have 
been conducted and reported for a number of oral and craniofacial diseases and traits, 
including periodontal disease (Schaefer et al. 2010; Divaris et al. 2013; Teumer et al. 2013), 
adult (Wang et al. 2012; Zeng et al. 2014; Morrison (Claes et al. 2018). Beyond the 
identification of novel genomic contributions to these conditions, data generated from this 
line of research and its aggregation within the context of large-scale collaborative consortia 
have allowed the application of novel methodological approaches for the investigation of 
causal effects (for example, Mendelian randomization; Shungin et al. 2015) and the study of 
oral systemic disease connections via derivation of genetic correlations (Shungin 2018). 
 

The Future: Using Genome Editing and Molecular Therapies to Apply Genomics 

Knowledge 

There will likely be an acceleration in the rate at which information about phenotype-
genotype associations is made available. The dental profession and oral health community 
have a chance to pick up the pace of both their research and educational efforts. Oral health 
practitioners are in a good position since saliva is an accessible, simple-to-collect medium 
that enables genetic investigations and because routine dental checkups take place at regular 
intervals. The importance of potentially sampling or monitoring the oral microbiome via 
meta- (i.e., microbial) genomics is further increased by the realisation that the human 
microbiome is a key player for health (Cho and Blaser 2012), essentially functioning as an 
organ that is influenced by factors both innate and environmental. The dental and allied 
health education sectors ought to be at the forefront of genomics education for all of these 
reasons and more. Direct-to-consumer genetic and genomic testing services are currently 
available, which is imposing positive pressure on dentistry's professional and educational 
facets. 
Importantly, the era of genomic medicine has advanced to the point that gene treatments and 
gene editing using CRISPR/Cas systems, which are regularly interspersed short palindromic 
repeats, are now possible (Cong et al. 2013; Allen et al. 2019). Some of the most active fields 
for genomics applications right now include personalised (or, rather, precision) cancer 
treatment, targeted pharmacotherapies, and prenatal screening and interventions. Beyond the 
acceleration of mechanistic, biological study, the possibilities for the oral and craniofacial 
area is considerable. Potential applications include the creation of precise molecular 
therapeutics, tissue engineering and restoration of craniofacial defects, as well as 
interventions relating to the microbiome and pharmacology. (Yu et al. 2018) 
 

2. CONCLUSION 

 

An implementation science approach is arguably required to realise the full potential of 
genomics and precision health care, despite the fact that improving individual and population 
health through the emerging genomics discoveries and knowledge base is both a significant 
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opportunity and subject to numerous challenges (National Academies of Sciences, 
Engineering, and Medicine 2016; Roberts et al. 2017). All levels of oral health education can 
make efforts in this regard while new findings are being made to increase the genomics 
literacy of present and future oral health professionals. In order to increase the diversity and 
representativeness of genomics outcomes as well as to identify gaps and possibilities in our 
translational programme, community involvement is another important direction of necessary 
activity. The sharing of genomes knowledge and the diversification of genomics research are 
becoming ethically more important. 
Genomic information can and will be utilised to improve people's lives and keep them 
healthier, but it also carries with it the responsibility to minimise health disparities and do no 
harm. 
 

 

3. REFERENCES 

 

1. 1000 Genomes Project Consortium; Auton A, Brooks LD, Durbin RM, Garrison EP, 
Kang HM, Korbel JO, Marchini JL, McCarthy S, McVean GA, Abecasis GR, et al. 
2015. A global reference for human genetic variation. Nature. 526(7571):68–74.  

2. Allen F, Crepaldi L, Alsinet C, Strong AJ, Kleshchevnikov V, De Angeli P, Páleníková 
P, Khodak A, Kiselev V, Kosicki M, et al. 2019. Predicting the mutations generated by 
repair of Cas9-induced double-strand breaks. Nat Biotechnol. 37:64–72.  

3. Andrew SE, Goldberg YP, Kremer B, Telenius H, Theilmann J, Adam S, Starr E, 
Squitieri F, Lin B, Kalchman MA, et al. 1993. The relationship between trinucleotide 
(CAG) repeat length and clinical features of Huntington’s disease. Nat Genet. 4(4):398–
403.  

4. Avery OT, Macleod CM, McCarty M. 1944. Studies on the chemical nature of the 
substance inducing transformation of pneumococcal types. J Exp Med. 79(2):137–158.  

5. Ballantine JL, Carlson JC, Ferreira Zandoná AG, Agler C, Zeldin LP, Rozier RG, 
Roberts MW, Basta PV, Luo J, Antonio-Obese ME, et al. 2018. Exploring the genomic 
basis of early childhood caries: a pilot study. Int J Paediatr Dent. 28(2):217–225.  

6. Beadle GW, Tatum EL. 1941. Genetic control of biochemical reactions in neurospora. 
Proc Natl Acad Sci U S A. 27(11):499–506.  

7. Bernfield MR, Nirenberg MW. 1965. RNA codewords and protein synthesis: the 
nucleotide sequences of multiple codewords for phenylalanine, serine, leucine, and 
proline. Science. 147(3657):479–484.  

8. Brachet J. 1933. Recherches sur la synthese de l’acide thymonucleique pendant le 
développement de l’œuf d’Oursin. Archives de Biologie. 44:519–576.  

9. Brody JA, Morrison AC, Bis JC, O’Connell JR, Brown MR, Huffman JE, Ames DC, 
Carroll A, Conomos MP, Gabriel S, et al. 2017. Analysis commons, a team approach to 
discovery in a big-data environment for genetic epidemiology. Nat Genet. 49(11):1560–
1563.  

10. Shungin D, Haworth D, Divaris K, Agler C, Kamatani Y, Lee MK, Grinde K, Hindy G, 
Alaraudanjoki V, Pesonen P, et al. 2019. Genome-wide analysis of dental caries and 
periodontal disease combining clinical and selfreported data. Nat Comm. 10(1):2773.  

11. Slavkin HC. 2012. The birth of a discipline: craniofacial biology. Newtown (PA): Aegis 
Communications. Smith SB, Parisien M, Bair E, Belfer I, Chabot-Doré AJ, Gris P, 
Khoury S, Tansley S, Torosyan Y, Zaykin DV, et al. 2018. Genome-wide association 



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 

Research paper                       © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 11,  Iss 11,Nov 2022 

1298 | P a g e  

 

reveals contribution of MRAS to painful temporomandibular disorder in males. Pain. 
160(3):579–591.  

12. Stockton DW, Das P, Goldenberg M, D’Souza RN, Patel PI. 2000. Mutation of PAX9 
is associated with oligodontia. Nat Genet. 24(1):18–19.  

13. Strasser BJ. 2003. Who cares about the double helix? Nature. 422(6934):803–804. 
Sturtevant AH. 1913. The linear arrangement of six sex-linked factors in Drosophila, as 
shown by their mode of association. J Exp Zool. 14(1):43–59.  

14. Teumer A, Holtfreter B, Völker U, Petersmann A, Nauck M, Biffar R, Völzke H, 
Kroemer HK, Meisel P, Homuth G, et al. 2013. Genome-wide association study of 
chronic periodontitis in a general German population. J Clin Periodontol. 40(11):977–
985.  

15. Turnbaugh PJ, Ley RE, Hamady M, Fraser-Liggett CM, Knight R, Gordon JI. 2007. 
The human microbiome project. Nature. 449(7164):804–810.  

16. Vieira AR, Modesto A, Marazita ML. 2014. Caries: review of human genetics research. 
Caries Res. 48(5):491–506. Wang X, Shaffer JR, Zeng Z, Begum F, Vieira AR, Noel J, 
Anjomshoaa I, Cuenco KT, Lee MK, Beck J, et al. 2012. Genome-wide association 
scan of dental caries in the permanent dentition. BMC Oral Health. 12:57. Watson JD, 
Crick FH. 1953. Molecular structure of nucleic acids: a structure for deoxyribose 
nucleic acid. Nature. 171(4356):737–738.  

17. Whyte MP, Greenberg CR, Salman NJ, Bober MB, McAlister WH, Wenkert D, Van 
Sickle BJ, Simmons JH, Edgar TS, Bauer ML, et al. 2012. Enzymereplacement therapy 
in life-threatening hypophosphatasia. N Engl J Med. 366(10):904–913.  

18. Witkop CJ Jr. 1958. Genetics and dentistry. Eugen Quart. 5:1:15–22. Wright JT, Kiefer 
CL, Hall KI, Grubb BR. 1996. Abnormal enamel development in a cystic fibrosis 
transgenic mouse model. J Dent Res. 75(4):966–973.  

19. Yadav MC, de Oliveira RC, Foster BL, Fong H, Cory E, Narisawa S, Sah RL, 
Somerman M, Whyte MP, Millán JL. 2012. Enzyme replacement prevents enamel 
defects in hypophosphatasia mice. J Bone Miner Res. 27(8): 1722–1734. 

20.  Yu N, Yang J, Mishina Y, Giannobile WV. 2019. Genome editing: a new horizon for 
oral and craniofacial research. J Dent Res. 98(1):36–45. 

21.  Zeng Z, Feingold E, Wang X, Weeks DE, Lee M, Cuenco DT, Broffitt B, Weyant RJ, 
Crout R, McNeil DW, et al. 2014. Genome-wide association study of primary dentition 
pit-and-fissure and smooth surface caries. Caries Res. 48(4):330–338 


