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ABSTRACT 
This chapter primarily focuses on an important application of molecular biology in Oral and Maxillofacial surgery.
Genetic developments initiated by Mendel principles during the 20th century had a great impact on our lives. Following the publication of the entire human genome sequence in 2004, chromosomes can now be rapidly analyzed very precisely by microarray techniques and next generation sequencing. providing the genetic basis useful for clinical applications. Up to now the number of phenotypes with a known molecular basis reached 5500 while the number of genes with a phenotype causing mutation reached 3400. Genetics become is one of the most important factor of all areas of medicine as it influences rare genetic diseases as well as several common human disorders. 
The advancement of genetics dates back to the discovery of the structure of DNA in 1953 by James Watson and Francis Crick.While nucleic acid was actually detected in 1849. 1960s saw the unraveling of the sequence of bases in DNA, and the sequence of amino acids in protein called genetic code, was achieved with sophisticated techniques. The use of genetic counseling to understand and adapt to the medical, psychological, and familial implications of the genetic contributions was also discussed here. Molecular biology provides wide applications in different areas such as genetically modified disease resistant crops, therapeutic drugs produced by genetically engineered animals, and the advances to introduce vaccines that are DNA-based. This chapter also consider the application of genetics in detection, diagnosis, pathogenesis, etiology, possible therapeutic and preventive methods of some maxillofacial related conditions. 
Keywords: Cystic fibrosis; pharmacogenomics; maxillofacial surgery; northern blotting; periplasmic glucans. 	Comment by Sl Nasroen: -Some words in keywords do not seem to be connected with what is told in the abstract
- What is the connection between cystic fibrosis and diseases in oral and maxillofacial region
________________________________________________________________________ 
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1. INTRODUCTION 
Genetics is now considered the most acknowledged field in studying human disease causes and considered a rich field in medical researches. Recent advancements in molecular biology have greatly impacted oral and maxillofacial surgery, introducing innovative techniques that improve patient care. Pharmacogenomics is a product of those researches and getting attention to personalize medicine to individuals through investing in the DNA based drug therapy [1,2]. DNA, a natural biological material, has become an ideal choice for biomedical applications, mainly owing to its good biocompatibility, ease of synthesis, modifiability, and especially programmability. Of all malignancies 1% is mainly caused by single-gene inheritance. Prior to the discussion of the interaction between distinct genes (polygenic inheritance), Hereditary conditions can be described through single gene, chromosomal as well as multifactorial inheritances. About 5% of population after the age of 25 years will have a disorder with a genetic basis [3]. This chapter reviews the general application of molecular biology and its advances in the field of oral and maxillofacial surgery. 
2. BASIC DNA STRUCTURE 
DNA is a long polymer forming a chain of series of nucleotide molecules. Each nucleotide molecules has one molecule of deoxyribose sugar, one molecule of phosphoric acid and one nitrogenous base on the side of the sugar. There are four types of nucleotides in the DNA following the types of nitrogenous bases: Adenine (A), Thymine (T), Cytosine (C) and Guanine (G). The DNA helix model was first suggested by Watson and Crick in which the two polynucleotide chains run besides and opposite to each other. They are attached together by the nitrogen bases through hydrogen bonds with two types. The nitrogen base of the two attached strands of the DNA are paired in a constant arrangement in which Adenine always binds with Thymine and Cytosine always binds with Guanine. This will lead to stable hydrogen bonds between the pairs. The two DNA strands twist together in a complementary manner to form the double helix structure (Fig. 1). A single turn of the helix is 3.4 nm in length with 10 base pairs and the helix diameter is 2 mm [4]. 
3. PRACTICAL GENETIC METHODS 
3.1 DNA Sequencing 
It was first developed by Walter Gilbert then Frederick Sanger’s in 1975 [6]. It is a process of accurately determining the nucleotide order in a strand of DNA. The initiation of rapid DNA sequencing methods has critically advanced the medical researches. A great step was proposed by a team of scientists in the United States to lead an international program for sequencing the entire human genome in 1988 [7]. In 2000 the team completed the preliminary human DNA sequence of three billion base pairs and in 2004 the complete human DNA sequence was published. In addition they noted that many genes can have multiple functions. The ability to identify the gene that is responsible of an inherited single gene disorder and its diagnostic application will allow better understanding of diseases pathogenesis as well as possible therapeutic applications. This could be achieved through the identification of the human disease candidate gene by the use of animal models of disease or by homology. New disease genes can now  dbe identified using genetic databases [8,9]. During 1980s recombinant DNA techniques allowed mapping through positional cloning which led to identification of the gene purely by its location without knowing its function [10]. Sequencing technology developed to Exome sequencing which is the analysis of the coding regions of all known genes allowed direct identification of the causal mutation in a family within days to weeks instead of years [11]. Cystic fibrosis transmembrane regulatory gene (CFTR) is one of the early identified disease genes during 1980s [12]. 	Comment by Sl Nasroen: Please explain more about this gene to reveal the importance of this discovery
3.2 Linkage Analysis 
The adjacent loci on one chromosome are usually inherited together and are called linked alleles. These two close alleles are difficult to be separated during meiosis, crossover or recombination [7]. Linkage analysis was used largely before publication of the complete DNA sequence, development of next generation sequencing methods and microarrays with possibility to analyze multiple million single nucleotide polymorphisms (SNPs) [12]. 	Comment by Sl Nasroen: Too short explanation, please add more
3.3 The Human Genome Project (HGP) 
Victor McKusick in 1969 proposed the idea of mapping the human genome. The Human Genome Project concept came up in the meeting on 1986 and started in 1991. The idea was to make a human genome organization which would coordinate the individual national genome projects and harbor interaction between genetic scientists [13]. 	Comment by Sl Nasroen: Too short explanation, please add more

3.4 Polymerase Chain Reaction (PCR) 
PCR facilitates DNA analysis using easily accessible sources such as saliva, buccal smear, blood, and pathological stored tissue. It can be used for detection of gene rearrangement, pathogenic mutation and also for the presence of infectious agent. The evolutionary techniques for analyzing an interesting DNA sequence are DNA sequencing, Southern and Northern blotting, mutation screening, microarray analysis, and real-time PCR. It is therefore resulted in advances in understanding the structure and function of normal gene besides exposing the inherited disease's molecular pathology which offers prenatal 	Comment by Sl Nasroen: These methods seems to be better to be explained in specific topic
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Figure 1: The chemical DNA structure; (a) double strands helix, and	Comment by Sl Nasroen: This figure is not suitable to placed in PCR topic
(b) Adenine pairs with Thymine while Cytosine pairs with Guanine
[5].
diagnosis, presymptomatic diagnosis of genetic diseases and detection of carrier cases that are difficult to detect clinically without symptoms [14-16]. 
Next-generation sequencing is called clonal sequencing provided by in vitro cloning using emulsion or bridge PCR to produce large amount of DNA molecules. It allows concurrent testing of all monogenic disease causative genes having mutations. The specific gene can be targeted by hybridization or gene selected PCR, or by sequencing the entire exome while analyzing only limited genes in single gene [6,13,17]. In infectious diseases, the advancement of molecular biology shifIed the field of conventional laboratory methods that depend on molecular methods and provided rapid detection of infectious agents [18]. For example in virology the molecular methods provided ability for genotyping, resistance testing, and quantification of the virus load. In bacteriology in comparison to conventional methods molecular methods provided fast identification of serious bacterial infections, resistance testing, fastidious bacterial infection detection, and bacterial infection identification following antibiotics administration. More improvements are also found in fields of mycology and parasitology leading to fast diagnosis of fungal infection for example in cases of neutropenia--. Additional applications of molecular biology involve biosecurity agents' identification, infection control and epidemiology [12,19-27]. 
4. GENETIC COUNSELING 
Genetic counseling is another field in molecular biology that has considerable importance and applications, it has been defined as "The use of genetic counseling to understand and adapt to the medical, psychological, and familial implications of the genetic contributions to disease including: 
· Interpretation of family and medical histories to assess the chance of disease occurrence or recurrence. 
· Education about inheritance, testing, management, prevention, resources and research. 
· Counseling to promote informed choices and adaptation to the risk or condition" [28]. 
Table 1. Describes the stages of genetic 
Decade Development 
1980s Southern blot, Sanger sequencing, and Recombinant 
DNA technology 
1990s Polymerase chain reaction (PCR) 2000s Microarray technology and 
capillary sequencing
2010s Next-generation sequencing 
technology development 
Examples 
DNA sequence of Epstein– Barr virus genome (1984), DNA fingerprinting (1984), and Recombinant erythropoietin (1987). 
Genetic disorders diagnosis Human genome sequence (2003)
Human genome sequenced First acute myeloid leukemia (AML) cancer genome sequenced (2008) 

	Decade
	Development
	Examples

	1980s
	Southern blot, Sanger sequencing,
and Recombinant DNA technology
	DNA sequence of Epstein–Barr
virus genome (1984), DNA
fingerprinting (1984), and
Recombinant erythropoietin
(1987).

	1990s
	Polymerase chain reaction (PCR)
	Genetic disorders diagnosis

	2000s
	Microarray technology and capillary
Sequencing
	Human genome sequence
(2003)

	2010s
	Next-generation sequencing
	Human genome sequenced
First acute myeloid leukemia
(AML) cancer genome
sequenced (2008)



Table 1: Stages of genetic technology development.	Comment by Sl Nasroen: This table is not suitable to placed in genetic counseling topic


Application of Genetics in Detection, Diagnosis, Pathogenesis, Etiology, Possible Therapeutic and Preventive Methods of Some Maxillofacial Related Conditions 
5. GENETIC IMPLICATION IN CLEFT LIP AND PALATE 
Normal palate development is under tight genetic control. The genes that regulate the development of the palate are the sonic hedgehog (SHH), fibro blast growth factors, bone morphogenic proteins and some classes of transforming growth factor β gene [11]. During the palate development the palatal shelves fuse at the midline where the intermingling epithelial cells resorb by apoptosis and the rest of cells transform to mesenchymal cells. But in certain conditions, these cells doesn’t transform as a result of mutations of the genes transforming growth factors B3 which are normally expressed in epithelial cells just before palatal shelves fusion. That will lead to clefI palate [29]. 	Comment by Sl Nasroen: How about the lip development? Are there any certain genes?
Please explain more about other genes in development of cleft lip and palate
The cleft lip and or cleft palate could be part of a syndrome as a result of single gene disorder or in few situations, as a result of multigene abnormalities. Cleft lip and or palate also might be an isolated defect which is more common. The possible genes related to nonsyndromic clefts are: Blood clotting factor XIII gene (F13A), endothelin-1gene and other involved genes. An example of syndromic clefting is Di George Syndrome where its pathogenesis is attributed to failure of neural crest cells to migrate in the areas of 3rd and 4th bracheal arches. It is related to the deletion in the chromosome number 22 and mutation in TBX22 gene [30,31]. Another example is holoprosencephaly syndrome which is caused by mutation in SHH leading to midline defects [9,32,33]. 
6. GENETIC OF MFS SYNDROMES 	Comment by Sl Nasroen: Please explain the full meaning of this abbreviation first
Molecular biology tools such as next-generation sequencing (NGS) and microarray technologies have significantly advanced our understanding of craniofacial syndromes, and genetic disorders. These techniques enable precise genetic analysis, which is essential for diagnosing inherited conditions and tailoring personalized treatments, including pharmacogenomics in dentistry.
Several craniofacial disorders and syndromes have maxillofacial manifestations and have genetic explanation behind their pathogenesis: 
· Ectodermal dysplasia is a heritable disorder caused by abnormal development of ectodermal tissues including sweat glands, teeth, hair and other related structures. It has features of salivary and lacrimal glands hypoplasia with oral dryness and difficult swallowing, thick lips and prominent forehead. Its genetics related to mutation in EDA, EDAR and EDARADD genes which play an important role in signaling pathway during ectoderm and mesoderm interactions which are critical for the formation of the ectodermal structures [8]. 	Comment by Sl Nasroen: Please explain the full meaning of this abbreviation first

· Mandibulofacial dysostosis or Treacher Collins-Franceschetti syndrome is characterized by hypoplastic zygoma, hypoplastic mandible, downward slanting of the eye. Cleft palate and some cases have absent palatine bone, and auditory structures malformation. It is an inherited autosomal dominant syndrome, related to mutations in Treacher Collins- Franceschetti syndrome 1 (TCOF1) gene that is located on long arm of chromosome number 5. This gene encodes a treacle protein that is essential for craniofacial development [29]. 
· Apert syndrome characterized by premature fusion of coronal suture called craniosynostosis leading to brachycephly and frontal bossing of the skull. Under developed maxilla, cleft palate, hypertelorism, downward slanting of the eyes, syndactyly together with GIT defects and other associated features. It is an autosomal dominant inherited syndrome related to mainly to a substitution mutations in fibroblast growth factor receptor 2 genes located on long arm of chromosome number 10. This will result in increased stimulation of (FGFR2) and ossification of bone subperiosteally and leads premature suture union [34]. 
· Crouzon syndrome or craniofacial dysostosis has some features of apert syndrome with exclusion of syndactyly. It is an autosomal dominant inherited syndrome and can occur as a new mutation without inheritance. It is caused by mutation in FGFR2 gene [35]. 
· Pfeiffer syndrome is characterized by craniosynostosis, turribrachycephaly, hypertelorism, maxillary hypoplasia, hands and feet are also a9ected with brachydactyly and syndactyly. It is an autosomal inherited syndrome related to mutations in FGFR1 and FGFR2 genes located on the short arm of chromosome number 8 and long arm of chromosome number 10 respectively [36]. This mutation will cause continuous signaling the bone cells for maturation leading to early fusion of bones a9ected by the syndrome [11]. 
Many inherited diseases and syndromes affecting the maxillofacial regions require genetic investigation. Those include metabolic and autoimmune syndromes such as Fabry disease, Williams syndrome, Hurler syndrome, Hunter syndrome, Heerfordt syndrome, Sjogren syndrome [6,15,35,37-40]. 
7. GENETICS OF MAXILLOMANDIBULAR OCCLUSION 
The malocclusion could be due to mismatch in the sizes of jaws and teeth which are a9ected by inheritance. Also, could be due to irregular shape of the maxilla and or mandible and the presence of palatal and/or alveolar clefts. Researches revealed that the shapes of craniofacial bones are tightly controlled by genetics [41]. Many genes have been found to contribute to mandibular prognathism [42,43]. 
With respect to skeletal class II malocclusion pattern, researchers found it to be inherited [44,45]. Both class II and III skeletal malocclusion have been found to have high familial inheritance ability [46]. These findings were confirmed by an Australian twin research on the maxilla and mandible development. 
8. GENETIC INVESTIGATIONS USING LINKAGE ANALYSIS TO DETECT THE RESPONSIBLE GENES AND CHROMOSOMES FOR MALOCCLUSION 
In males with Klinefelter syndrome have significant mandibular prognathism are associated with decrease in cranial base angle while in females with Turner syndrome have retrognathic mandible and increase in cranial base angle. This finding indicated the presence of a relation between X-chromosome and the growth of the cranial base which will a9ect the facial shape [45,47]. 
A gene or genes were found responsible about the shape of the maxilla in a study on mice. The genes are located on chromosome number 12 in the mice [48]. With linkage analysis also they suggested that class III malocclusion is related to a gene located on chromosome 1 [36]. A study done on Chinese population found that single- nucleotide polymorphism of the growth hormone receptors gene is related to height of the mandible [49]. 	Comment by Sl Nasroen: Please explain more about linkage analysis here, begun with the definition then the method
9. GENETIC IN BONE DISEASES 
Benign fibro-osseous Lesion of the Craniofacial Complex: If the polyostotic fibro- osseous lesions that are seen in fibrous dysplasia are presented with endocrinopathy and other disorders then it is called McCune-Albright syndrome (MAS). The genetic alteration is mutation in the G-protein alpha-subunit encoding gene that binds cAMP to hormone receptors [19,27,32,50-54,]. 
A benign fibro-osseous lesion that occurs in association with hyperparathyroidism is ossifying fibroma or hyperparathyroidism-jaw tumor syndrome. In addition to ossifying fibroma of the jaws the syndrome shows other features including Wilms tumors, renal cysts, hamartomas and multiple parathyroid adenomas. Investigations showed that the gene responsible for this syndrome is HRPT2 tumor suppressor gene that maps to chromosome 1q25-q31 and found to be mutated [55]. Disturbances in HRPT2 gene have been found in nonsyndromic ossifying fibromas of the jaws. As a result of linkage analysis methods and shared-haplotype, they reduced the candidate region of this gene to 0.7 cm. [46]. 
Cytogenetic studies showed deletions in chromosome 2q31-32 q35-36 in a case of cemento-ossifying fibroma of the mandible [23] and chromosomal break points at Xq26 and 2q33 with (X;2) translocations in cases of psammomatoid juvenile ossifying fibroma of the orbit [56]. 
Osteitis deformans or can be called Paget disease of bone is a form of osseous dysplasia with increased bone turnover in all body bones [20,24,57]. Its genetic mechanism is through a gene called Sequestosome 1 gene (SQSTM1) which is a sca9old protein in the NF kappaB pathway resulting in inactivation mutations in TNFRSF11B that encodes osteoprotegerin [13,16,52,58-60]. 
Cherubism is an autosomal dominant inherited disease [61,62]. Ue responsible gene is located on chromosome 4p16, which is the adaptor protein 3BP2 location that regulates the high affinity IgE receptor leading to activation of mast cells degranulation [49,63]. 
In addition to genetic contribution in maxillofacial bone disorders and conditions, genetics is applicable in the prediction of the disease occurrence and diagnosis of diseases that are identical in aspects other than genetics. For example: 
· Genetic susceptibility to MRONJ: MRONJ is defined as the presence of an exposed bone in the jaw persisting for more than 8 weeks with no history of radiation therapy while the patient is taking a bisphosphonate or other anti-resorptive drug therapy [64]. Its incidence has been reported to be related to certain Single Nucleotide Polymorphisms (SNPs). Most of these SNPs are located in genes related to bone turnover, collagen formation, or certain metabolic bone diseases, such as collagen type I alpha1, receptor activator of nuclear factor-kappa B (RANK), matrix metallopeptidase 2, osteoprotegerin, and osteopontin [56]. Accordingly, it was suggested that the incidence of MRONJ has a genetic susceptibility [57]. 
· Distinguishing ossifying fibromas from fibrous dysplasia showed a great challenge to pathologist and clinicians as they share same histopathologic and sometimes radiographic features. Molecular studies now can solve this challenge providing the definitive diagnosis through the identification of Gs-alpha mutations which are found in fibrous dysplasia of the jaws and not in ossifying fibromas [65]. 
10. GENETICS IN SIGNIFICANT BENIGN LESIONS AND CYSTS OF THE JAWS 
Odontogenic Keratocyst (OKC) is a developmental odontogenic cyst originated from cell rest of dental lamina and characterized by an aggressive behavior. It is lined by a thin epithelium that has great growth potential, satellite cysts, cords and islands of odentogenic epithelium are usually present in the wall and may contribute to its high recurrence rate. Multiple OKC can be part of a syndrome known as Nevoid basal cell carcinoma syndrome (NBCCS) or Gorlin syndrome. It is an autosomal dominant inherited syndrome consists chiefly of OKCs, multiple basal cell carcinomas of the skin, frontal and temporoparietal bossing, hypertelorism, mandibular prognathism, rib and vertebral defects and intracranial calcifications [42,58]. It is caused by mutations in protein patched homolog 1 gene (PTCH1) which is a tumor suppressor gene that is mapped to chromosome 9q22.3-31 [44,53]. PTCH1 is considered a receptor for the Drosophila Hedgehog protein thus it controls the Hedgehog signaling pathway that is essential in embryonic cell di9erentiation and development for the embryo but in adult life it is involved in tumorigenesis such as NBCCS [66,67]. 
Sonic hedgehog (SHH) pathway has been found to be related to many odontogenic tumors development [50,14,55]. For the pathogenesis of OKC and Ameloblastoma (AB) a study showed activation of SHH pathway through Quantitative real-time polymerase chain reaction (qPCR) leads to overexpression of upstream genes (PTCH1 and SMO) and downstream genes (GLI1, CCND1 and BCL2) genes in these two lesions. This finding provided important predictive and therapeutic application for OKC and AB by approaches that can block the SHH pathway before surgical intervention [19,43]. 
One of the less common benign lesions of the jaws is the central giant cell lesion (CGCL). It was suggested to has a neoplastic source with variable features ranging from mild to locally aggressive, occurs in young age [26,17,25]. A clinically relevant genomic alterations (CRGAs) could be detected by comprehensive genomic profiling (CGP) concurrently with many cancer-related genes. 
A high incidence of CRGAs (37.5%) was detected in CGCLs in a pilot study which also showed 25% of somatic mutations that could stimulate the mitogen- activated protein kinase signaling pathway, thus proposing a source of aggressive feature of some CGCLs. Therefore, the presence of mutations is predictive for the lesion aggressiveness and its response to therapy [10]. 
Another maxillofacial benign tumor is pleomorphic adenoma (PA) of the parotid gland. In a case report of a middle aged female had parotid PA excision then developed PA in the upper lip 6 months later. Multiple chromosomal aberrations was found in the parotid PA using comprehensive genomic hybridization assay, while it was absent in the labial PA. In the parotid PA the assay showed more gains than losses in recognized chromosomal locations [68]. 
11. APPLICATION OF GENETICS IN MAXILLOFACIAL CANCER 
Etiology could be genetic and environmental factors. Environmental factors include radiation, chemicals such as arsenical, viruses such as human papilloma virus, and other microorganisms such as Helicobacter pylori. Genes control cells proliferation and those which are related to cancer development called oncogenes which are around 100 in number. There are genes that inhibit tumor growth called tumor suppressor genes. Cancer might occur as a result of mutation on those genes. The cell growth is controlled by signal transduction of the growth factors. Any mutation to the genes that encodes growth factors and growth factor receptors might results in cancer. An example of those oncogenes is mutated ras gene and mutated myc gene. The cell cycle has four phases G1, S, G2 and M. The movement between the phases is controlled by checkpoints and the cell cycle is regulated by cdk/cyclin. 
That control of checkpoint will identify any damaged DNA which might be from chemicals or x-rays. One of the monitors at checkpoint in G/S is tumor suppressor gene TP53 which encodes P53 protein. P53 level in the cells is normally maintained low. P53 produced when DNA is damaged and P53 secreted outside the nucleus to cytoplasm by Mdm2 and then degraded after repair of the DNA. If DNA not repaired the P53 modified remains in the nucleus leading normally to activation of cell cycle arrest and apoptosis. In case of loss of P53 no identifier of DNA damage in the cells and cell cycle will escape the checkpoints and leads to tumor formation. From this role P53 got the name of "guardian of genome". P53 gene is located in chromosome 17 P13.1 and mutation in TP53 gene is responsible of 50% of human cancer [69]. 
Many carcinomas including oral cancers are largely associated with accumulation of genetic mutations. Oral squamous cell carcinoma (OSCC) is related to multiple molecular genetic aberrations, the most important are DNA copy number aberrations (DCNAs), oncogenes, tumor suppressor genes, mitochondrial mutations, epigenetic changes, microRNAs, genomic instability, and loss of heterozygosity. Using microarray methods the array-based comparative genomic hybridization (A-CGH) provided high-resolution and genome-wide screening of DCNAs. Consequently an extensive analysis of DCNAs in OSCCs became possible by applying A-CGH [5,70-72]. 
12. GENE THERAPY IN ORAL AND MAXILLOFACIAL SURGERY 
Gene defects cause diseases and there are many strategies to treat them. Interventions can be indirect by treating the results of those diseases or direct by treating their causes. This can be attempted by gene defect correction, or gene replacement [73,74]. Steps of gene therapy start with defective gene identification, followed by normal healthy gene cloning, identification of the target tissue, then normal functional gene insertion in the host DNA. Chemical and physical gene transfer can be through DNA microinjection using electroporation, cationic liposome gene transfer, or by using viral vector such as adenoviruses and retroviruses [22,75]. 	Comment by Sl Nasroen: This explanation is too short, please explain more
13. USES OF GENE THERAPY IN REPAIR OF BONE 
An example in case of surgical wounds a transfer of gene is applied using adenoviruses vector to transfer bone morphogenic protein gene that encodes BMP-7 into the site of bone defect. Uis will lead to increase in bone fraction and help large wound healing. Uis will be temporary in which the host cells increase expression of BMP then generally decrease. A gene has been found to regulate cell di9erentiation called bone sialoprotein (BSP) is usually expressed during bone regeneration. BSP can be applied at the bone defect site. 	Comment by Sl Nasroen: Please explain  the full meaning of this abbreviation first

NTF-hydrogel can transfer non-viral gene together with hyaluronic acid non- immunogenic gel which will stimulate the cells surrounding the bone defect for repair. 
An investigation has been done on rat at site of condyles of the mandible the adeno-associated virus was used to deliver vascular endothelial growth factor resulted in increase in condyles bone and cartilage size [34]. 
14. USES OF GENE THERAPY IN DENTAL IMPLANT 
For development of biocompatible dental implants they use of polymers coats that transfer anti apoptotic genes processed by gene activated matrix methods [28]. 	Comment by Sl Nasroen: The explanation is too short, please explain more
15. USES OF GENE THERAPY IN SALIVARY GLANDS 
Uey are susceptible to the e9ect of radiation or immune disease. Ueir repair can be done by the water channel protein aquaporin-1 encoding gene insertion inside cells of salivary gland ducts which will convert the cells into secretary cells in the gland [75]. 	Comment by Sl Nasroen: Please explain  the full meaning of this abbreviation first
	Comment by Sl Nasroen: ?	Comment by Sl Nasroen: ?
Another application is the use of a gene that is synthesizing polypeptide histatin and inserting it into the salivary gland cells leading to increase in saliva production. In case of autoimmune diseases, specific genes activation works as immune modulators and control the autoimmune disease of the salivary glands [76-80]. 
16. A GENE TRANSFER PRODUCT 
Ex-vivo investigations are done to provide a gene transfer product. Uey used keratinocytes mixed with retroviruses which can be delivered easily for treatment in oral mucosa or other sites [81]. 	Comment by Sl Nasroen: This explanation is too short, please explain more

17. USES OF GENE THERAPY IN HEAD AND NECK CANCER 
Researches are directed to provide adenoviruses that are able to multiply and specifically the malignant cells containing mutated P53 gene [82]. 	Comment by Sl Nasroen: This explanation is too short, please explain more

18.USES OF GENE THERAPY IN ANTIBIOTIC RESISTANT MICROORGANISMS 
This resistance might be caused by definite genes activation that contributes to glycosyl transferase enzyme synthesis. Uis enzyme produces periplasmic glucans that provide resistance to antibiotics.Therefore, researchers found that the replication of the mutated definite gene makes the microorganisms susceptible to antibiotics [68]. 
19. USES OF GENE THERAPY IN HOST DEFENSE 
The host defense can be supported by genes encoding antimicrobial protein. It can be supplemented in the host cell at the infection vulnerable sites [47]. 	Comment by Sl Nasroen: This explanation is too short, please explain more

20. GENETIC IN SPECIAL CONDITIONS 	Comment by Sl Nasroen: Please explain about this special conditions
There are many inherited diseases commonly occur in families but does not follow the Mendelian inheritance and their occurrence among relatives is low. Those diseases have multifactorial inheritance ranging from mostly environmental to entirely genetic in causation. Examples: Cleft lip and palate, multiple sclerosis, psoriasis, rheumatoid arthritis, ankylosing spondylitis, osteogenesis imperfecta. Finding genetic susceptibility in common conditions:
Through twin studies, families share related genetics but also same environment, therefore to identify the susceptibility of a disorder that occur in a family whether it is caused by genetic or environmental is by comparing its frequency between identical and non-identical (dizygotic) twins. By heritability calculation: it gives the proportional contributions of environmental and genetic factors to a trait. It is symbolized as h2 
H2=ratio between proportion of a trait of a genetic cause and trait variation in a population 
Also the estimation of familial clustering can be calculated by λ2=ratio between sibling risk of a9ected individuals and incidence in general population. 
As per polymorphism association studies, about 10 million Single Nucleotide Polymorphisms (SNPs) have been identified in human genome. Uese studies provided the possibility to find disease susceptibility loci for many diseases [2,72,83-95]. 
21. GENETICS IN PERSONALIZED MEDICINE 
Drugs are shown to be more e9ective in some individuals than others, in addition, some individuals developed drug side e9ects more than others. Pharmacogenomics is the study of the interaction between people’s genetic and drug response [96-102]. By the use of genome sequencing, it will be possible to provide personalized pharmacogenomics making optimum drug choice, dose, and estimating side e9ects [103-114]. Personalized medicine or precision medicine is aiming to provide treatment of a specific disease according to the individual genetic subtype [115-123]. An example of a drug response is malignant hyperthermia with muscle rigidity and raised body temperature occurred rarely as a complication of using halothane anesthesia and succinylcholine for muscle relaxant. Its prediction requires muscle biopsy to test the reaction with the anesthesia. The most likely cause is mutation in ryanodine receptor gene (RYR1). 

22. Digital Medicine:
Advances in molecular imaging and 3D modeling, supported by molecular biology insights, have revolutionized surgical planning and execution. These technologies enable personalized approaches, such as creating patient-specific implants and optimizing outcomes in reconstructive procedures [124, 125].
23. Stem Cell Therapy Tissue Engineering and Regenerative Medicine:
 Mesenchymal stem cells (MSCs), derived from both dental and non-dental tissues, have shown immense promise for tissue regeneration in maxillofacial surgery. They are currently being explored for applications such as bone regeneration, periodontal repair, and craniofacial reconstruction [126, 127].
Molecular biology has enabled the development of tissue engineering strategies to regenerate hard and soft tissues in the craniofacial region. Applications include bone regeneration for dental implants, soft tissue repair, nerve regeneration, and reconstruction of significant defects. These approaches often use stem cells, growth factors, and biomaterials to support tissue repair [128].

24. Biomaterials and Regenerative Techniques
Molecular biology has facilitated the development of advanced biomaterials and tissue engineering strategies. Innovations include scaffolds for bone regeneration and the use of growth factors to enhance healing in complex craniofacial surgeries. These biomaterials not only promote effective tissue repair but are also bioactive and resorbable, minimizing complications, reduce the need for additional surgeries, and act as scaffolds for tissue regeneration, eventually being absorbed by the body [129, 130].

25. CONCLUSION 
The chapter explores the significant applications of molecular biology in the field of oral and maxillofacial surgery, emphasizing how genetic advancements have revolutionized the diagnosis, treatment, and prevention of various conditions. It begins with an overview of genetics, tracing its evolution from Mendelian principles to the sequencing of the human genome, which has facilitated precise genetic analysis using techniques such as microarray and next-generation sequencing. This has enabled the identification of thousands of genetic mutations linked to various phenotypes, making genetics a cornerstone of modern medicine. The chapter elaborates on various genetic methods, including DNA sequencing, linkage analysis, and the Human Genome Project, which have significantly contributed to the understanding of hereditary diseases. The Polymerase Chain Reaction (PCR) technique has further enhanced genetic diagnostics, allowing for the rapid detection of mutations and infectious agents. Genetic counseling is highlighted as an essential aspect of patient care, helping individuals understand genetic risks, inheritance patterns, and potential disease manifestations. The chapter discusses various maxillofacial conditions with genetic implications, such as cleft lip and palate, craniofacial syndromes (e.g., Treacher Collins syndrome, Apert syndrome), and skeletal malocclusions, all of which have been linked to specific genetic mutations. The role of genetics in bone diseases, including Paget’s disease, cherubism, and ossifying fibroma, is analyzed, emphasizing how genetic mutations contribute to bone pathology. Similarly, the genetic basis of odontogenic tumors and cysts, such as odontogenic keratocysts and ameloblastomas, is explored, revealing how mutations in pathways like Sonic Hedgehog (SHH) influence tumorigenesis. Cancer genetics is a critical section, detailing how mutations in oncogenes and tumor suppressor genes (e.g., TP53) contribute to oral squamous cell carcinoma (OSCC) and other malignancies. The article explains how genetic research has advanced cancer diagnostics and treatment, with techniques like microarray comparative genomic hybridization (A-CGH) enabling high-resolution genomic analysis. Gene therapy is presented as a groundbreaking approach in maxillofacial surgery, with applications in bone regeneration, dental implant integration, and salivary gland repair. The article discusses gene transfer techniques using viral and non-viral vectors, emphasizing their potential in tissue regeneration and cancer therapy. Furthermore, the article highlights how genetics has transformed personalized medicine, tailoring drug therapies based on individual genetic profiles to optimize treatment efficacy and minimize adverse effects. Pharmacogenomics, the study of genetic influences on drug response, has paved the way for precision medicine, ensuring targeted treatment approaches for various conditions. In conclusion, molecular biology has significantly impacted oral and maxillofacial surgery, providing advanced diagnostic, therapeutic, and preventive solutions. Genetic research has not only deepened the understanding of disease pathogenesis but also introduced innovative interventions, such as gene therapy and personalized medicine, that promise improved patient outcomes. As genetic technology continues to evolve, its integration into clinical practice will further enhance the management of maxillofacial disorders, offering a new era of precision healthcare.
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