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		Introduction

								

	
				Preface 
 Mitochondria are unique cellular organelles  in having a DNA of their own. This mitochondrial DNA is known as mtDNA . In nearly all mammals the mitochondrial DNA is exclusively     inherited from the mother and fathers also occasionally contribute to the inheritance. mt DNA mutations accumulate during human life and may contribute a wide range of pathologies. Thus understanding how mt DNA is inherited has wide implications across medicine .
 This project is aimed at creating an open textbook for the global student community. This open textbook attempts to unravel the basic concepts about mitochondrial DNA , its                inheritance and mitochondrial genetic disorders . The book also features with interactive exercises .
 
 As an Associate professor I had been teaching Undergraduate and Postgraduate students for the past 20 years in the Department of Biochemistry at Ethiraj College for Women, Chennai-8,Tamil Nadu, India. My subject of specialization is Molecular Biology.
 
 Below is the video of the Preface highlighting the importance of mitochondrial inheritance
 
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://pressbooks.justwrite.in/mitochondrial-inheritance/?p=4#oembed-1 
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		Mitochondria

	

	
		Mitochondria are cellular organelles that are located outside of the nucleus in the cytoplasm. There are many thousands of mitochondria within each cell, especially in muscle and brain. Mitochondria play a central role in energy metabolism. Mitochondria are often referred to as the powerhouse of the cell as they are the main source of cellular ATP production via         oxidative phosphorylation, that takes place in the inner mitochondrial membrane through the Electron Transport Chain.
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/mitochondrial-inheritance/?p=3#h5p-1 
 
 Mitochondria play an essential role in the biosynthesis of macromolecules, such as nucleotides, lipids, heme, and iron-sulfur clusters.
 Besides their role in metabolism both anabolism and catabolism, mitochondria regulate signals that mediate  various biological outcomes like cell death, Ca2+-homeostasis, gene          expression, differentiation ,cellular senescence, chronic inflammation and the age-dependent stem cell activity.
 Altered mitochondrial function result in pathological conditions like metabolic disorders, cardiomyopathies, neurodegeneration , cancer and dysregulated cell death
 
	

		


		
	
		
			
	
		

		Mitochondrial DNA

								

	
				Mitochondrial DNA 
 A mitochondrion has multiple copies of its DNA and a typical cell has many mitochondria . As a result, cells usually have many copies – often thousands of mitochondrial DNA. Mitochondria DNA are randomly distributed to daughter cells during mitosis and meiosis.
 The mitochondrial genome is distinct from the nuclear genome .The Mitochondrial DNA  contain genes that encodes 22 transfer RNAs, 13 messenger RNAs, and 2 ribosomal RNAs. Although mitochondrial genes encode some messenger RNA that will be translated to protein, these organelles require nuclear encoded genes to perform their function.
 [image: Mitochondrial_DNA]
 Above Image is from National Human Genome Research Institute, Public domain, via Wikimedia Commons
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 	Mitochondrial DNA 	Nuclear DNA  
 	Genome is circular 	Nuclear genome is linear 
 	Mitochondrial genome comprise of 16,569 DNA base pairs 	The nuclear genome is made of 3.3 billion DNA base pairs. 
 	Cell can contain several thousand copies of its mitochondrial genome 	Cell has only one copy of its nuclear genome. 
 	Mitochondrial genome is not enveloped, and is it not packaged into chromatin 	Nuclear DNA is enveloped and packaged in to chromatin 
 	Three percent of the mitochondrial genome is noncoding DNA, 	93% of the nuclear genome is noncoding DNA. 
 	The mitochondrial mode of inheritance is strictly maternal, 	Nuclear genomes are inherited equally from both parents. 
 	Mitochondrial genes on both DNA strands are transcribed in a polycistronic manner: 	Nuclear genes are usually transcribed one at a time from their own mRNA. 
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				Unlike nuclear genes, which are inherited from both parents, mitochondrial genes are inherited only from the mother. In the case of humans,  the mother contributes mitochondria to the zygote, by way of the egg’s cytoplasm. Sperm do contain mitochondria, but they are not usually inherited by the zygote. There has been a reported case of paternal inheritance of mitochondria in a human, but this is extremely rare.
 As mitochondria are inherited from a person’s mother, they help to trace matrilineal ancestry.[image: ]
 “Mitochondrial DNA Inheritance” by Dr.V.Malathi, Ethiraj College for Women is licensed under CC BY-SA 4.0
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				As mitochondrial genes are inherited only from the mother, mutation in a mitochondrial gene, is passed from a mother to all of her children; sons will not pass it on, but daughters will pass it on to all of their children, and so on.
 Mitochondrial DNA mutations are often deletions or point mutations. In general  1 in 400 person has a maternally inherited pathogenic mitochondrial DNA mutation . In individual families ,it is difficult to distinguish whether mitochondrial inheritance is from autosomal dominant or from  X-linked inheritance, but however , the sex of the transmitting and non transmitting parents can suggest a mitochondrial basis
 A nuclear gene, called DNA polymerase gamma ( POL G) encodes the DNA polymerase responsible for replicating the mitochondrial genome. The POLG protein consists of two domains: a catalytic domain that exhibits polymerase activity, and an exonuclease domain that is involved in the recognition and removal of DNA base pair mismatches that occur during DNA replication. A recent study suggests that mitochondria may have a nucleotide imbalance that leads to decreased POLG fidelity and higher mitochondrial DNA mutation rates .
 Mutations in mitochondrial DNA can lead to human genetic disorders.
 [image: Image describing mitochondrial gene mutations and human diseases]Image from “Mitochondrial,” by the National Institutes of Health (public domain).
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				 	Both males and females are affected
 	The condition is transmitted mostly through the female to her offspring
 	If a male has the trait and his spouse does not then their offspring would not have the trait
 	In case a mother has a disease caused by a mitochondrial mutation where she lacks normal mitochondria and have only abnormal, mutation-bearing ones then the affected mother will always pass on mutation-bearing mitochondria to her children.
 	A mitochondrial disorder may occur when a person has a mix of normal and abnormal mitochondria her body. In this case, normal and mutation-bearing mitochondria may go randomly into eggs during meiosis. Children who get a large proportion of mutant mitochondria may have severe disease, while those with few mutant mitochondria may have mild or no disease
 	The expression of mitochondrial conditions is variable. Inside each cell, there are several mitochondria. The number of mitochondria that carry the mutation can vary. Thus a cell can have a mixture of normal and abnormal mitochondrial genomes, which is referred to as heteroplasmy.In contrast, homoplasmy refers a state in which all copies of the                mitochondrial genome carry the same sequence variant.
 	A certain proportion of mutant mitochondria within a cell can be tolerated and the disease will not be expressed in the organism. A larger proportion of mutant mitochondria     however, may cause the disease to be expressed in the organism.
 	Unequal segregation of mitochondria carrying normal and abnormal genomes and replicative advantage can result in varying degrees of heteroplasmy in the cells of an affected     individual, including the individual ova of an affected female. Because of this, a mother may be asymptomatic yet have children who are severely affected. The level of heteroplasmy at which disease symptoms typically appear can also vary based on the type of mitochondrial variant.
 	The threshold of abnormal mitochondria needed for an abnormal phenotype is variable depending on the condition but in general is 60% to 90%.
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				The mitochondria are the cell’s suppliers of energy, and it is not surprising that the organs that are most affected by the presence of abnormal mitochondria are those that have the greatest energy requirements, such as the brain, muscle, heart, and liver. Common manifestations include developmental delay, seizures, cardiac dysfunction, decreased muscle strength and tone, and hearing and vision problems.
 Mitochondrial diseases are one of the most common inborn errors of metabolism, with a conservative estimated prevalence of approximately 1:5,000
 The first human disease that was associated with a mutation in mitochondrial DNA is called Leber’s Hereditary Optic Neuropathy, or LHON.  LHON causes a painless loss of central vision between 12 and 30 years of age. Both eyes are affected at the same time.
 Large deletions in mitochondrial DNA cause a condition called Kearns-Sayre Syndrome. These deletions affect the mitochondria from doing their job of extracting energy. Kearns-Sayre Syndrome can cause symptoms such as weakness of the muscles, including those that control eyelid and eye movement, as well as degeneration of the retina and development of heart disease
 Pearson syndrome is a mitochondrial disease caused by a deletion in mitochondrial DNA (mt DNA).I t is characterized by sideroblastic anemia and exocrine pancreas dysfunction. The deletions occur in one or more tRNA genes and are usually spontaneous . The deletions of mitochondrial DNA with Pearson syndrome ranges in size from 1.1 to 10 kilobases.
 Leigh syndrome is a rare inherited neurometabolic disorder that affects the central nervous system (brain, spinal cord, and optic nerve). This disorder begins in infants between the ages of 3 months and 2 years . Rarely, it can occur in teenagers and adults. Mutations in mitochondrial DNA (mtDNA) and over 30 genes in nuclear DNA have been implicated in Leigh disease. The most common of these mutations (in 10 to 20 percent of Leigh syndrome ) occurs in MT-ATP6. This gene codes for ATP synthase, an enzyme that directly generates ATP present in the last complex of the oxidative  phosphorylation chain. The most common MT-ATP6 mutation found with Leigh syndrome is a point mutation occurring  at nucleotide 8993. This mutation changes a thymine to a guanine
 Test your Understanding
 
  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/mitochondrial-inheritance/?p=54#h5p-4 
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				Genetic testing is essential for the diagnosis of mitochondrial diseases.
 	In case of suspected mitochondrial disease ,Next generation sequencing with gene dosage of nuclear DNA (n DNA ) and mitochondrial DNA (mt DNA) from blood or urine sediment  or affected tissues like muscle , buccal swab, liver etc., can be done .
 	Mutations, rearrangements, or deletions that are tissue specific are identified  by Tissue-based testing
 	 Genetic consultation/ counselling  is also advised.
 
 Biochemical testing in blood, urine, and spinal fluid
 	Evaluation of selected mitochondrial biomarkers in blood, urine, and spinal fluid such as the measurements of lactate and pyruvate in plasma and cerebrospinal fluid (CSF), plasma, urine, and CSF amino acids, plasma acyl carnitines, and urine organic acids.
 	Lactate elevation occurs because the flux through glycolysis overwhelms the utilization of pyruvate in the mitochondria. Elevated plasma lactate (>3 mmol/l), in a properly collected sample, suggests the presence of mitochondrial dysfunction. This can be due either to primary mitochondrial disease or, secondarily, to organic acidemias, other inborn errors of metabolism, toxins, tissue ischemia, and certain other diseases.
 	In patients with associated neurologic symptoms, elevated CSF lactate can be a helpful marker of mitochondrial disease .
 	Quantitative amino acid analysis like  alanine, glycine, proline, and threonine in blood or spinal fluid is commonly obtained when evaluating a patient with possible mitochondrial disease. This occurs due to the altered redox state created by respiratory chain dysfunction including alanine, glycine, proline, and threonine
 
 Neuroimaging
 	Structural alterations in neuroimaging like computed tomography and magnetic resonance imaging of the brain have been used in the diagnosis of mitochondrial disorders, depending on the type of mitochondrial disorder and type of central nervous system involvement.
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				Currently there is no highly effective treatment or cure for mitochondrial disorder.
 The management of mitochondrial disease includes
 	Supportive therapy such as
 
        Exercise – including both endurance exercises (walking, running, swimming, dancing, cyclin etc.,)  and resistance/strength training (sit-ups, arm curls, knee extensions, weight lifting etc.,). These are done to increase muscle size and strength
        Vitamin or amino acid supplements– Coenzyme Q10; B complex vitamins, especially thiamine (B1) and riboflavin (B2) ;Alpha lipoic acid; L-carnitine ; Creatine ; and L-Arginine.
 	Mitochondrial replacement therapies (MRT) in oocytes or zygotes such as pronuclear (PNT), spindle (ST) or polar body (PBT) transfer could prevent second generation transmission of mitochondrial DNA (mtDNA) defects.
 	Preimplantation genetic diagnosis (PGD) is an IVF-based reproductive option.  PGD is suitable for some women with mtDNA disease who wish to conceive a genetically related child with a reduced risk of severe disease. The procedure involves the in vitro fertilization of oocytes harbouring pathogenic mtDNA mutations. These are either cultured and subjected to mutation  analysis. PGD allows specialists to provide a better prognosis of disease
 	Mitochondrial Donation (MD) is a reproductive option . The procedure involves removing the nuclear DNA from an oocyte or zygote containing mutated mt DNA and transferring this to an enucleated oocyte or zygote that contains WT mt DNA from a healthy donor.
 	Pronuclear transfer (PNT) involves removal of the pronuclei in a membrane-bound karyoplast from a fertilized zygote and transfer to an enucleated donor zygote.
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				  An interactive H5P element has been excluded from this version of the text. You can view it online here:
 https://pressbooks.justwrite.in/mitochondrial-inheritance/?p=101#h5p-2 
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				Thank you for reading the book
 Suggestions , feed back can be mailed to malathi_v@ethirajcollege.edu.in  or malathiveeramani@gmail.com
 or Can fill the google form for the feed back 
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 Reviewer : Mr. Rajmohan Govindaswamy , CEO, Cogniti Digital Solutions ,Chennai, Tamil Nadu, India
 The book provides an in-depth exploration of the phenomenon of mitochondrial inheritance, which is the transmission of genetic material from the mitochondria of a mother to her  offspring. The author covers a range of topics related to mitochondrial inheritance, including the history of research in this area, the genetic mechanisms involved, and the implications for human health and disease.
 The book is aimed at a general audience, including students, researchers, and healthcare professionals, and is presented in a clear and accessible style. Dr.Malathi Veeramani has well    illustrated the concepts discussed, and provides a wealth of information and insights into this fascinating and complex field of study.
 Overall, “Mitochondrial Inheritance” is a valuable resource for anyone interested in genetics, inheritance, and human health, and provides a comprehensive overview of this important area of research.
 Reviewer : Dr. Kothandharaman Subramaniam, Researcher , Senior Research Scientist, Sing Health, Singapore
 Hi Malathi.
 I went through chapters of your book on Mitochondria. It’s very well written, as the flow is very simple and easy to follow, especially for students.
 Fantastic effort by you. Keep up your good work.
 ??????
 Reviewer : Dr.R.Venkateswari , Assistant professor , Department of Medical Biochemistry, University of Madras, Chennai, Tamil Nadu, India
 Dear Dr.Malathi, it is very interesting to read your open text book on mitochondrial inheritance. You have given all the points in a crisp manner under suitable subheadings. It is very   interesting to know about the mitochondrial inheritance and gene mutations leading to the disorders. Thank you for giving me an opportunity to review your book.
 Reviewer : Dr. G.Gopal, Associate Professor , Department of Molecular Oncology, Cancer Institute, Adayar, Chennai, Tamil Nadu, India 
 Mitochondrial inheritance ,  book written by Dr. V. Malathi is very informative and provides necessary basic information on mitochondrial DNA, mitochondrial DNA mutations and      disease and the treatment options available. The book serves as an introduction to students who wish to learn more about the biology of mitochondria. Mitochondrial alterations are  being intensively studied and present several opportunities to perform research. Our lab has been studying mito ribosomal proteins and their role in cancer and I would definitely            recommend research scholars to access this book for a quick overview of mitochondrial inheritance.
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