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Abstract: Immortality is eternal life, being exempt from death; unending existence. Life extension technologies promise a path to complete rejuvenation. Some modern life species may possess biological immortality. Cancer is a group of diseases involving abnormal cell growth with the potential to invade or spread to other parts of the body. Immortality is a common characteristic of cancers. The telomere is a region of repetitive nucleotide sequences associated with specialized proteins at the ends of linear chromosomes. Telomeres are a widespread genetic feature most commonly found in eukaryotes, which protect the terminal regions of chromosomal DNA from progressive degradation and ensure the integrity of linear chromosomes by preventing DNA repair systems from mistaking the very ends of the DNA strand for a double strand break. 
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Immortality is eternal life, being exempt from death; unending existence. Some modern species may possess biological immortality. Life extension technologies promise a path to complete rejuvenation. Some modern life species may possess biological immortality. Cancer is a group of diseases involving abnormal cell growth with the potential to invade or spread to other parts of the body. Immortality is a common characteristic of cancers. A telomere is a region of repetitive nucleotide sequences associated with specialized proteins at the ends of linear chromosomes. Although there are different architectures, telomeres, in a broad sense, are a widespread genetic feature most commonly found in eukaryotes. In most, if not all species possessing them, they protect the terminal regions of chromosomal DNA from progressive degradation and ensure the integrity of linear chromosomes by preventing DNA repair systems from mistaking the very ends of the DNA strand for a double strand break. 
Biological immortality is an absence of aging. Specifically it is the absence of a sustained increase in rate of mortality as a function of chronological age. A cell or organism that does not experience aging, or ceases to age at some point, is biologically immortal. Biologists have chosen the word "immortal" to designate cells that are not limited by the Hayflick limit, where cells no longer divide because of DNA damage or shortened telomeres. The first and still most widely used immortal cell line is HeLa, developed from cells taken from the malignant cervical tumor of Henrietta Lacks without her consent in 1951. Prior to the 1961 work of Leonard Hayflick, there was the erroneous belief fostered by Alexis Carrel that all normal somatic cells are immortal. By preventing cells from reaching senescence one can achieve biological immortality; telomeres, a "cap" at the end of DNA, are thought to be the cause of cell aging. Every time a cell divides the telomere becomes a bit shorter; when it is finally worn down, the cell is unable to split and dies. Telomerase is an enzyme which rebuilds the telomeres in stem cells and cancer cells, allowing them to replicate an infinite number of times. No definitive work has yet demonstrated that telomerase can be used in human somatic cells to prevent healthy tissues from aging. On the other hand, scientists hope to be able to grow organs with the help of stem cells, allowing organ transplants without the risk of rejection, another step in extending human life expectancy. These technologies are the subject of ongoing research, and are not yet realized. 
There are three main causes of death: aging, disease and physical trauma. Physical immortality is a state of life that allows a person to avoid death and maintain conscious thought. It can mean the unending existence of a person from a physical source such as a computer. The life immortal will provide life bodies with biological immortality, but not invulnerability to death by disease or physical trauma; and mind uploading may solve that for humans. Computation. However, the rejuvenation is more attracted to the alival people. 
Cancers are generated from normal cells by random karyotypic rearrangements and selection for cancer-specific reproductive autonomy. Cancers can be immortal and they are generated from the normal unimmortal somatic cells. Cells that proliferate indefinitely are immortal, an essential early step in the development of most malignant tumors.
Immortality is a common characteristic of cancers. But it is still unclear how immortal cancers originate from mortal somatic cells and why cancers are immortal, although normal somatic cells can grow into organs and organisms which contain many more cells than fatal cancers. Immortality is operationally defined by growth in excess of the Hayflick limit, which is about 50 generations in vitro. 
In the early 1970s, Russian theorist Alexei Olovnikov first recognized that chromosomes could not completely replicate their ends, as an end replication problem. Cobsidering the Leonard Hayflick's theory of limited somatic cell division, Olovnikov suggested that DNA sequences are lost every time a cell replicates until the loss reaches a critical level, at which point cell division ends.[1]
In 1975–1977, Elizabeth Blackburn, working at Yale University  of USA with Dr. Joseph G. Gall, discovered the unusual nature of telomeres, with their simple repeated DNA sequences composing chromosome ends.[2] Blackburn, Carol Greider, and Jack Szostak were awarded the 2009 Nobel Prize in Physiology or Medicine for the discovery of how chromosomes are protected by telomeres and the enzyme telomerase.[3] In 1983 Barbara McClintock received the Nobel Prize in Physiology or Medicine for observing that the chromosomes lacking end parts became sticky and hypothesized the existence of a special structure at the chromosome tip that would maintain chromosome stability.[4]
During DNA-replication, DNA synthesis can only attach new nucleotides to the 3'-end (synthesis progresses 5'-3') and it requires a primer to initiate the replication. On the leading strand 5'-3', DNA-polymerase continuously replicates from the point of initiation all the way to the strand's end with the primer then being excised and substituted by DNA. The lagging strand, however, is oriented 3'-5' with respect to the replication fork so continuous replication by DNA-polymerase is impossible, which necessitates discontinuous replication involving the repeated synthesis of primers further 5' of the site of initiation. The last primer to be involved in lagging-strand replication sits near the 3'-end of the template (corresponding to the potential 5'-end of the lagging-strand). Originally it was believed that the last primer would sit at the very end of the template, thus, once removed, the DNA-polymerase that substitutes primers with DNA (DNA-Pol δ in eukaryotes) would be unable to synthesize the "replacement DNA" from the 5'-end of the lagging strand so that the template nucleotides previously paired to the last primer would not be replicated.[5] It has since been questioned whether the last lagging strand primer is placed exactly at the 3'-end of the template and it was demonstrated that it is rather synthesized at a distance of about 70-100 nucleotides which is consistent with the finding that DNA in cultured human cell is shortened by 50-100 base pairs per cell division.[6]
If coding sequences are degraded in this process, potentially vital genetic code would be lost. Telomeres are non-coding, repetitive sequences located at the termini of linear chromosomes to act as buffers for those coding sequences further behind. They "cap" the end-sequences for a protection and are progressively degraded in the process of DNA replication.
The "end replication problem" is exclusive to linear chromosomes as circular chromosomes do not have ends lying without reach of DNA-polymerases. Most prokaryotes, relying on circular chromosomes, accordingly do not possess telomeres.[7] A small fraction of bacterial chromosomes, however, are linear and possess telomeres, which are very different from those of the eukaryotic chromosomes in structure and function. The known structures of bacterial telomeres take the form of proteins bound to the ends of linear chromosomes, or hairpin loops of single-stranded DNA at the ends of the linear chromosomes.[8]
At the 3'-end of the telomere there is a 300 base pair overhang which can invade the double-stranded portion of the telomere forming a structure known as a T-loop. This loop is analogous to a knot, which stabilizes the telomere, and prevents the telomere ends from being recognized as breakpoints by the DNA repair machinery. Should non-homologous end joining occur at the telomeric ends, chromosomal fusion would result. The T-loop is maintained by several proteins, collectively referred to as the shelterin complex. In humans, the shelterin complex consists of six proteins identified as TRF1, TRF2, TIN2, POT1, TPP1, and RAP1.[9] In many species, the sequence repeats are enriched in guanine, e.g. TTAGGG in vertebrates,[10] which allows the formation of G-quadruplexes, a special conformation of DNA involving non-Watson-Crick base pairing. There are different subtypes depending on the involvement of single- or double-stranded DNA, among other things. There is evidence for the 3'-overhang in ciliates (that possess telomere repeats similar to those found in vertebrates) to form such G-quadruplexes that accommodate it, rather than a T-loop. G-quadruplexes present an obstacle for enzymes like DNA-polymerases and are thus thought to be involved in the regulation of replication and transcription.[11]
Many organisms have an enzyme called telomerase, which carries out the task of adding repetitive nucleotide sequences to the ends of the DNA. Telomerase replenishes the telomere cap. In most multicellular eukaryotic organisms, telomerase is active only in germ cells, some types of stem cells such as embryonic stem cells, and certain white blood cells. Telomerase can be reactivated and telomeres reset back to an embryonic state by somatic cell nuclear transfer.[12] The steady shortening of telomeres with each replication in somatic cells may have a role in senescence[13] and in the prevention of cancer.[14][15] This is because the telomeres act as a sort of time-delay fuse, eventually running out after a certain number of cell divisions and resulting in the eventual loss of vital genetic information from the cell's chromosome with future divisions.[16]
In somatic cells, the activity of telomerase, a reverse transcriptase that can elongate telomeric repeats, is usually diminished after birth so that the telomere length is gradually shortened with cell divisions, and triggers cellular senescence. In embryonic stem cells, telomerase is activated and maintains telomere length and cellular immortality; however, the level of telomerase activity is low or absent in the majority of stem cells regardless of their proliferative capacity. Thus, even in stem cells, except for embryonal stem cells and cancer stem cells, telomere shortening occurs during replicative ageing, possibly at a slower rate than that in normal somatic cells. Although telomerase activity is diminished in non-proliferating sperms and ova, it is highly activated after fertilisation and maintained in ES cells and germ cells for the next generation. In the developmental stage, telomerase activity gradually decreases and diminishes in most somatic cells after birth. In adult stem cells, the level of telomerase activity is low or undetectable, and upregulated in committed progenitor cells which have high reproducible activity in each tissue but insufficient to stably maintain their telomere length. Thus, normal stem cells are considered to be mortal and finally senesce by telomere shortening. Cancer stem cells can be derived from normal stem cells, progenitor cells, or possibly somatic cells and might be immortal, having the capacity of indefinite self-renewal and proliferation. (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2360127/).
After each cell division, the telomeres become shorter, and when the telomeres are too short to protect the chromosomes, the cell stops dividing. The scientists overcame this barrier by introducing a molecule called c-Myc, which reactivates the enzyme that maintains telomeres so that cell division can continue (https://www.sciencedaily.com/releases/2014/11/141107091809.htm).
Telomere length varies greatly between species, from approximately 300 base pairs in yeast[17] to many kilobases in humans, and usually is composed of arrays of guanine-rich, six- to eight-base-pair-long repeats. Eukaryotic telomeres normally terminate with 3′ single-stranded-DNA overhang, which is essential for telomere maintenance and capping. Multiple proteins binding single- and double-stranded telomere DNA have been identified.[18] These function in both telomere maintenance and capping. Telomeres form large loop structures called telomere loops, or T-loops. Here, the single-stranded DNA curls around in a long circle, stabilized by telomere-binding proteins.[19] At the very end of the T-loop, the single-stranded telomere DNA is held onto a region of double-stranded DNA by the telomere strand disrupting the double-helical DNA, and base pairing to one of the two strands. This triple-stranded structure is called a displacement loop or D-loop.[20]
Telomere shortening in humans can induce replicative senescence, which blocks cell division. This mechanism appears to prevent genomic instability and development of cancer in human aged cells by limiting the number of cell divisions. However, shortened telomeres impair immune function that might also increase cancer susceptibility.[21] If telomeres become too short, they have the potential to unfold from their presumed closed structure. The cell may detect this uncapping as DNA damage and then either stop growing, enter cellular old age (senescence), or begin programmed cell self-destruction (apoptosis) depending on the cell's genetic background (p53 status). Uncapped telomeres also result in chromosomal fusions. Since this damage cannot be repaired in normal somatic cells, the cell may even go into apoptosis. Many aging-related diseases are linked to shortened telomeres. Organs deteriorate as more and more of their cells die off or enter cellular senescence.
Apart from the end replication problem, in vitro studies have shown that telomeres accumulate damage due to oxidative stress and that oxidative stress-mediated DNA damage has a major influence on telomere shortening in vivo. There is a multitude of ways in which oxidative stress, mediated by reactive oxygen species (ROS), can lead to DNA damage; however, it is yet unclear whether the elevated rate in telomeres is brought about by their inherent susceptibility or a diminished activity of DNA repair systems in these regions.[22] Despite widespread agreement of the findings, widespread flaws regarding measurement and sampling have been pointed out; for example, a suspected species and tissue dependency of oxidative damage to telomeres is said to be insufficiently accounted for.[23] Population-based studies have indicated an interaction between anti-oxidant intake and telomere length. In the Long Island Breast Cancer Study Project (LIBCSP), authors found a moderate increase in breast cancer risk among women with the shortest telomeres and lower dietary intake of beta carotene, vitamin C or E.[24] These results [25] suggest that cancer risk due to telomere shortening may interact with other mechanisms of DNA damage, specifically oxidative stress.
Telomere shortening is associated with aging, mortality and aging-related diseases. Normal aging is associated with telomere shortening in both humans and mice, and studies on genetically modified animalmodels suggest causal links between telomere erosion and aging.[26] However, it is not known whether short telomeres are just a symptom of senescence or if they themselves contribute to the progression of the aging process.[27]
The age of a father plays a role in the length of a child’s telomeres, which has evolutionary implications. Although leukocyte telomeres shorten with age, sperm telomeres lengthen with age. Shorter telomeres are theorized to impose lower energy costs (due to less replication) but also have immune system-related and other aging- and disease-related costs, so the effect of paternal age on telomere length might be an adaptation to increase the chances that the child will be fit for the environment they’re born into.[28][29]
Meta-analyses found that increased perceived psychological stress was associated with a small decrease in telomere length—but that these associations attenuate to no significant association when accounting for publication bias. The literature concerning telomeres as integrative biomarkers of exposure to stress and adversity is dominated by cross-sectional and correlational studies, which makes causal interpretation problematic.[25][30] A 2020 review argued that the relationship between psychosocial stress and telomere length appears strongest for stress experienced in utero or early life.[31]
The phenomenon of limited cellular division was first observed by Leonard Hayflick, and is now referred to as the Hayflick limit.[32][33] Significant discoveries were subsequently made by a group of scientists organized at Geron Corporation by Geron's founder Michael D. West, that tied telomere shortening with the Hayflick limit.[34]The cloning of the catalytic component of telomerase enabled experiments to test whether the expression of telomerase at levels sufficient to prevent telomere shortening was capable of immortalizing human cells. Telomerase was demonstrated in a 1998 publication in Science to be capable of extending cell lifespan, and now is well-recognized as capable of immortalizing human somatic cells.[35]
It is becoming apparent that reversing shortening of telomeres through temporary activation of telomerase may be a potent means to slow aging. The reason that this would extend human life is because it would extend the Hayflick limit. Three routes have been proposed to reverse telomere shortening: drugs, gene therapy, or metabolic suppression, so-called torpor/hibernation. So far these ideas have not been proven in humans, but it has been demonstrated that telomere shortening is reversed in hibernation and aging is slowed (Turbill, et al. 2012 & 2013) and that hibernation prolongs life-span (Lyman et al. 1981). It has also been demonstrated that telomere extension has successfully reversed some signs of aging in laboratory mice [36][37] and the nematode worm species Caenorhabditis elegans.[38] It has been hypothesized that longer telomeres and especially telomerase activation might cause increased cancer (Weinstein and Ciszek, 2002[39]). However, longer telomeres might also protect against cancer, because short telomeres are associated with cancer. It has also been suggested that longer telomeres might cause increased energy consumption.[21]
Techniques to extend telomeres could be useful for tissue engineering, because they might permit healthy, noncancerous mammalian cells to be cultured in amounts large enough to be engineering materials for biomedical repairs.
Two studies on long-lived seabirds demonstrate that the role of telomeres is far from being understood. In 2003, scientists observed that the telomeres of Leach's storm-petrel (Oceanodroma leucorhoa) seem to lengthen with chronological age, the first observed instance of such behaviour of telomeres.[40] In 2006, Juola et al.[41] reported that in another unrelated, long-lived seabird species, the great frigatebird (Fregata minor), telomere length did decrease until at least c. 40 years of age (i.e. probably over the entire lifespan), but the speed of decrease slowed down massively with increasing ages, and that rates of telomere length decrease varied strongly between individual birds. They concluded that in this species (and probably in frigatebirds and their relatives in general), telomere length could not be used to determine a bird's age sufficiently well. Thus, it seems that there is much more variation in the behavior of telomere length than initially believed.
Furthermore, Gomes et al. found, in a study of the comparative biology of mammalian telomeres, that telomere length of different mammalian species correlates inversely, rather than directly, with lifespan, and they concluded that the contribution of telomere length to lifespan remains controversial.[42] Harris et al. found little evidence that, in humans, telomere length is a significant biomarker of normal aging with respect to important cognitive and physical abilities.[43] Gilley and Blackburn tested whether cellular senescence in paramecium is caused by telomere shortening, and found that telomeres were not shortened during senescence.[44] 
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Sequences of the telomerase
Known, up-to-date telomere nucleotide sequences are listed in Telomerase Database website.
	Some known telomere nucleotide sequences

	Group
	Organism
	Telomeric repeat (5' to 3' toward the end)

	Vertebrates
	Human, mouse, Xenopus
	TTAGGG

	Filamentous fungi
	Neurospora crassa
	TTAGGG

	Slime moulds
	Physarum, Didymium
	TTAGGG

	
	Dictyostelium
	AG(1-8)

	Kinetoplastid protozoa
	Trypanosoma, Crithidia
	TTAGGG

	Ciliate protozoa
	Tetrahymena, Glaucoma
	TTGGGG

	
	Paramecium
	TTGGG(T/G)

	
	Oxytricha, Stylonychia, Euplotes
	TTTTGGGG

	Apicomplexan protozoa
	Plasmodium
	TTAGGG(T/C)

	Higher plants
	Arabidopsis thaliana
	TTTAGGG

	
	Cestrum elegans
	TTTTTTAGGG[45]

	
	Allium
	CTCGGTTATGGG[46]

	
	Green algae Chlamydomonas
	TTTTAGGG

	Insects
	Bombyx mori
	TTAGG

	Roundworms
	Ascaris lumbricoides
	TTAGGC

	Fission yeasts
	Schizosaccharomyces pombe
	TTAC(A)(C)G(1-8)

	Budding yeasts
	Saccharomyces cerevisiae
	TGTGGGTGTGGTG (from RNA template)
or G(2-3)(TG)(1-6)T (consensus)

	
	Saccharomyces castellii
	TCTGGGTG

	
	Candida glabrata
	GGGGTCTGGGTGCTG

	
	Candida albicans
	GGTGTACGGATGTCTAACTTCTT

	
	Candida tropicalis
	GGTGTA[C/A]GGATGTCACGATCATT

	
	Candida maltosa
	GGTGTACGGATGCAGACTCGCTT

	
	Candida guillermondii
	GGTGTAC

	
	Candida pseudotropicalis
	GGTGTACGGATTTGATTAGTTATGT

	
	Kluyveromyces lactis
	GGTGTACGGATTTGATTAGGTATGT




Telomere sequences
This page contains the major DNA tandem repeat sequence found within the telomere structures. Each sequence is referenced by original literature citations that are linked to the published online journal. The few species that do not utilize telomerase, certain insects, have the method of elongation listed in place of the tandem repeat. Most telomeric repeats are only 6 to 8 nucleotides, however several yeast species have irregular repeats that range from 6 to 26 nucleotides and contain other variant repeats.




	 
	[bookmark: vertebrates]Vertebrates
	Sequences
	References

	 
	vertebrate sp.
	TTAGGG
	Meyne et al, 1989



	 
	[bookmark: invertebrates]Invertebrates
	Sequences
	References

	 
	Ciona sp.(sea squirt)
	TTAGGG
	

	
	Ciona savignyi (sea squirt)
	TTAGGG
	 

	
	Oikopleura dioica (sea squirt)
	TTAGGG
	Schulmeister et al, 2007

	
	Botryllus schlosseri (star ascidian)
	TTAGGG
	Laird and Weissman, 2004

	

	 
	Strongylocentrotus purpuratus (purple sea urchin)
	TTAGGG
	Sinclair et al, 2007

	

	 
	Donax trunculus (wedgeshell clam)
	TTAGGG
	Sinclair et al, 2007

	
	Argopecten irradians (bay scallop)
	TTAGGG
	Sinclair et al, 2007

	

	 
	Cassiopeidae sp. (jellyfish)
	TTAGGG
	Ojimi et al, 2008

	

	 
	Gammarus pulex (freshwater shrimp)
	TTAGG
	Sahara et al, 1999
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	Stegobium paniceum (drugstore beetle)
	TTAGG
	Frydrychová et al, 2004

	
	Agrilus viridis (beetle)
	TTAGG
	Frydrychová et al, 2004

	
	Arhopalus coreanus (beetle)
	TTAGG
	Okazaki et al, 1993

	
	Spondylis buprestoides (longhorn beetle)
	TTAGG
	Okazaki et al, 1993

	
	Leptinotarsa decemlineata (Colorado potato beetle)
	TTAGG
	Frydrychová et al, 2004

	
	Ips typographus (Spruce bark beetle)
	TTAGG
	Sahara et al, 1999

	
	Graphoderus cinereus (beetle)
	TTAGG
	Frydrychová et al, 2004

	
	Ampedus sanguineus (beetle)
	TTAGG
	Frydrychová et al, 2004

	
	Diacanthous undosus (beetle)
	TTAGG
	Okazaki et al, 1993

	
	Melanotus legatus (click beetle)
	TTAGG
	Okazaki et al, 1993

	
	Mylabris sp.
	TCAGG
	Mravinac et al, 2011

	
	Typhaea stercorea
	TCAGG
	Mravinac et al, 2011

	
	Silpha obscura (beetle)
	TTAGG
	Frydrychová et al, 2004

	
	Oryzaephilus surinamensis (grain beetle)
	TTAGG
	Frydrychová et al, 2004

	
	Palorus ratzeburgii (small-eyed flour beetle)
	TCAGG
	Mravinac et al, 2011

	
	Palorus subdepressus
	TCAGG
	Mravinac et al, 2011

	
	Palorus genalis
	TCAGG
	Mravinac et al, 2011

	
	Palorus ficicola
	TCAGG
	Mravinac et al, 2011

	
	Pimelia elevata
	TCAGG
	Mravinac et al, 2011

	
	Pimelia criba
	TCAGG
	Mravinac et al, 2011

	
	Pimelia monticola
	TCAGG
	Mravinac et al, 2011

	
	Tenebrio molitor (yellow mealworm)
	TCAGG
	Mravinac et al, 2011

	
	Tenebrio obscurus
	TCAGG
	Mravinac et al, 2011

	
	Tribolium castaneum (red flour beetle)
	TCAGG
	Tribolium Gen. Seq. Con., 2008
Osanai et al, 2006

	
	Tribolium freemani
	TCAGG
	Mravinac et al, 2011

	
	Tribolium confusum
	TCAGG
	Mravinac et al, 2011

	
	Tribolium madens
	TCAGG
	Mravinac et al, 2011

	
	Tribolium audax
	TCAGG
	Mravinac et al, 2011

	
	Tribolium brevicornis
	TCAGG
	Mravinac et al, 2011

	
	Tribolium anaphe
	TCAGG
	Mravinac et al, 2011

	
	Tribolium destructor
	TCAGG
	Mravinac et al, 2011
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	Chironomus tentans (fly)
	satellite sequence
	Nielsen et al, 1993

	
	Anopheles gambiae (African malaria mosquito)
	unequal recombination
	Roth et al, 1997

	
	Drosophila melanogaster (fruit fly)
	retrotransposons
	Biessmann et al, 1990

	
	Drosophila virilis (fly)
	retrotransposons satellite sequence
	Frydrychová et al, 2004

	

	 
	Apis mellifera (honey bee)
	TTAGG
	Sahara et al, 1999

	
	Manica yessensis (ant)
	TTAGG
	Okazaki et al, 1993

	
	Myrmecia sp. (ant)
	TTAGG
	Meyne et al, 1995

	
	Tapinoma nigerrimum (ant)
	TTAGG
	Frydrychová et al, 2004
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	Bombyx mori (domestic silkworm)
	TTAGG
	Okazaki et al, 1993

	
	Bombyx mandarina (wild silkworm)
	TTAGG
	Okazaki et al, 1993

	
	Mamestra brassicae (cabbage moth)
	TTAGG
	Frydrychová et al, 2004

	
	Papilio xuthus (butterfly)
	TTAGG
	Frydrychová et al, 2004

	
	Ephestia kuehniella (Mediterranean flour moth)
	TTAGG
	Sahara et al, 1999

	
	Galleria mellonella (wax moth)
	TTAGG
	Sahara et al, 1999

	
	Antheraea pernyi (Chinese oak silkmoth)
	TTAGG
	Okazaki et al, 1993

	
	Antheraea yamamai (Japanese oak silkmoth)
	TTAGG
	Frydrychová et al, 2004

	
	Samia cynthia ricini (Indian silkmoth)
	TTAGG
	Okazaki et al, 1993

	
	Agrius convolvuli (morning glory sphinx moth)
	TTAGG
	Frydrychová et al, 2004

	

	 
	Sialis lutaria (alderfly)
	TTAGG
	Frydrychová et al, 2004

	

	 
	Stenopsyche japonica (caddisfly)
	TTAGG
	Okazaki et al, 1993

	
	Limnephilus decipiens (caddisfly)
	TTAGG
	Frydrychová et al, 2004

	

	 
	Protidricerus japonicus (owlfly)
	TTAGG
	Frydrychová et al, 2004

	

	 
	Periplaneta fuliginosa (dusky-brown cockroach)
	TTAGG
	Okazaki et al, 1993

	

	 
	Hodotermopsis japonicus (termite)
	TTAGG
	Okazaki et al, 1993

	

	 
	Locusta migratoria (migratory locust)
	TTAGG
	Okazaki et al, 1993

	
	Diestrammena japonica (camel cricket)
	TTAGG
	Okazaki et al, 1993
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	Ascaris lumbricoides
	TTAGGC
	Müller et al, 1991
	
	

	
	Ascaris suum
	TTAGGC
	Teixeria et al, 2005
	
	

	
	Parascaris univalens
	TTGCA
	Teschke et al, 1991
	
	

	
	Caenorhabditis elegans
	TTAGGC
	Cangiano et al, 1993
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	Schizosaccharomyces pombe (fission yeast)
	G2–8TTAC(A)
	Joseph et al, 2007
Murray et al, 1986
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	Saccharomyces cerevisiae (baker's yeast)
	T(G)2-3(TG)1-6
	Shampay et al, 1984
McEachern and Blackburn, 1994

	
	Saccharomyces bayanus
	T(G)2-3(TG)1-6
	Teixeria et al, 2005

	
	Saccharomyces paradoxus
	T(G)2-3(TG)1-6
	Teixeria et al, 2005

	
	Saccharomyces mikatae
	T(G)2-3(TG)1-6
	Teixeria et al, 2005

	
	Saccharomyces exiguus
	T(G)2-3(TG)1-6
	Cohn et al, 1998

	
	Saccharomyces dairenensis
	TCTGGG(TG)1-3
	Cohn et al, 1998

	
	
	TCTGGG
	

	
	Saccharomyces castellii
	TCTGGG(TG)1-4
	Cohn et al, 1995

	
	Saccharomyces kluyveri
	GGGTGGACATGCGTACTGTGAGGTCT
	Cohn et al, 1998

	
	Kluyveromyces lactis
	ACGGATTTGATTAGGTATGTGGTGT
	McEachern and Blackburn, 1994

	
	Candida albicans
	ACGGATGTCTAACTTCTTGGTGT
	McEachern and Blackburn, 1994

	
	Candida glabrata
	CTGGGTGCTGTGGGGT
	McEachern and Blackburn, 1994

	
	Candida guillermondii
	ACTGGTGT
	McEachern and Blackburn, 1994

	
	Candida maltosa
	ACGGATGCAGACTCGCTTGGTGT
	McEachern and Blackburn, 1994

	
	Candida metapsilosis
	GGTTAGGATGTCCAAAGTATTGA
	Gunisova et al, 2009

	
	Candida orthopsilosis
	GGTTAGGATGTAGACAATACTGC
	Gunisova et al, 2009

	
	Candida parapsilosis
	GGTCCGGATGTTGATTATACTGA
	Gunisova et al, 2009

	
	Candida pseudotropicalis
	ACGGATTTGATTAGTTATGTGGTGT
	McEachern and Blackburn, 1994

	
	Candida sojae
	TGTAAGGATGCAAAACCGCTATTCG
	Gunisova et al, 2009

	
	Candida tropicalis
	A[C/A]GGATGTCACGATCATTGGTGT
	Gunisova et al, 2009
McEachern and Blackburn, 1994

	
	
	AAGGATGTCACGATCATTGGTGT
	

	
	Debaryomyces hansenii
	ATGTTGAGGTGTAGGG
	Lépingle et al, 2000

	
	Ashbya gossypii (Eremothecium gossypii)
	GTGTGGTGTATGGGTCTCTCAGCG
	Dietrich et al, 2004

	
	Lodderomyces elongisporus
	CGGTGTAAGGATGCACTTGAAACT
	Gunisova et al, 2009

	
	Pichia guilliermondii
	ACTGGTGT
	Teixeria et al, 2005

	
	Pichia stipitis
	GGATCTTTTCACGTCTTGCGGTA
	Jeffries et al, 2007

	
	Yarrowia lipolytica
	GGACGATTG
	Teixeria et al, 2005

	
	Clavispora lusitaniae
	TCTTTAGGGAGGTACTGATGT
	Gunisova et al, 2009

	

	[image: Pezizomycotina]
	Aspergillus fumigatus
	TTAGGG
	Nierman et al, 2005

	
	Aspergillus oryzae
	TTAGGGTCAACA
	Kusumoto et al, 2003

	
	Aspergillus nidulans (Emericella nidulans)
	TTAGGG
	Bhattacharyya et al, 1997

	
	Histoplasma capsulatum
	TTAGGG
	Woods et al, 1992

	
	Cladosporium fulvum
	TTAGGG
	Coleman et al, 1993

	
	Magnaporthe grisea (rice blast fungus)
	TTAGGG
	Teixeria et al, 2005

	
	Podospora anserina
	TTAGGG
	Javerzat et al, 1993

	
	Neurospora crassa
	TTAGGG
	Schechtman, 1990

	

	 
	Cryptococcus neoformans (Filobasidiella neoformans)
	TTA(G)4-6
	Edman, 1992

	

	 
	Encephalitozoon cuniculi
	G[A/G]GCCT[C/T]CT
	Peyret et al, 2001

	
	
	GAGCCTTGTTT
	

	
	
	GAGACGCAGTGTTGCCAGGATG
	

	

	 
	Rhizopus oryzae
	TTGTGG
	Ma et al, 2009



	 
	[bookmark: amoeba]Amoeba
	Sequences
	References

	 
	Dictyostelium discoideum
	A(G)1-8
	Emery et al, 1981

	 
	Physarum polycephalum
	TTAGGG
	Forney et al, 1987

	 
	Didymium iridis
	TTAGGG
	Forney et al, 1987



	 
	[bookmark: plants]Plants
	Sequences
	References

	 
	plants sp.
	TTTAGGG
	Cox et al, 1993
Fuchs et al, 1995

	

	[image: eudicots]
	Nicotiana tabacum (common tobacco)
	TTAGGG
	Weiss et al, 2002

	
	Solanum lycopersicum (tomato)
	TT[T/A]GGG
	Ganal et al, 1991

	
	Strombosia pustulata (Italian olive ash)
	TTTTAGGG
	Teixeria et al, 2005

	
	Arabidopsis thaliana (thale cress)
	TTTAGGG
	Richards et al, 1988

	

	 
	Aloe sp.
	TTAGGG
	Weiss et al, 2002

	
	Hyacinthella dalmatica
	TTAGGG
	Puizina et al, 2003

	
	Othocallis siberica (Siberian squill)
	TTAGGG
	Weiss-Schneeweiss et al, 2004






	 
	[bookmark: algae]Algae
	Sequences
	References

	 
	Cyanidioschyzon merolae (red algae)
	AATGGGGGG
	Nozaki et al, 2007

	

	 
	Chlamydomonas reinhardtii (green alga)
	TTTTAGGG
	Petracek et al, 1990



	 
	[bookmark: ciliates]Ciliates
	Sequences
	References

	[image: Oligohymenophorea]
	Glaucoma chattoni
	TTGGGG
	Katzen et al, 1981

	
	Tetrahymena thermophila
	TTGGGG
	Blackburn et al, 1978

	
	Paramecium tetraurelia
	TT[T/G]GGG
	Forney et al, 1988

	
	Paramecium primaurelia
	TT[T/G]GGG
	Forney et al, 1988

	
	Paramecium multimicronucleatum
	TT[T/G]GGG
	Forney et al, 1988

	
	Paramecium caudatum
	TT[T/G]GGG
	Forney et al, 1988

	

	[image: Spirotrich]
	Euplotes aediculatus
	TTTTGGGG
	Klobutcher et al, 1981

	
	Euplotes eurystomus
	TTTTGGGG
	Klobutcher et al, 1981

	
	Euplotes crassus
	TTTTGGGG
	Klobutcher et al, 1981

	
	Oxytricha nova (Sterkiella nova)
	TTTTGGGG
	Klobutcher et al, 1981

	
	Oxytricha trifallax (Sterkiella histriomuscorum)
	TTTTGGGG
	Klobutcher et al, 1981



	 
	[bookmark: otherprotists]Other Protists
	Sequences
	References

	 
	Plasmodium falciparum (human parasite)
	TT[T/C]AGGG
	Vernick et al, 1988

	
	Plasmodium berghei (rodent parasite)
	TT[T/C]AGGG
	Ponzi et al, 1985

	
	Theileria annulata
	TTTTAGGG
	Sohanpal et al, 1995

	
	Cryptosporidium parvum
	TTTAGG
	Liu et al, 1998

	

	 
	Giardia lamblia
	TTAGG
	Morrison et al, 2007

	
	Giardia intestinalis
	TAGGG
	Le Blancq et al, 1991

	

	 
	Leishmania major
	TTAGGG
	Teixeria et al, 2005

	
	Trypanosoma brucei
	TTAGGG
	Blackburn et al, 1984


http://telomerase.asu.edu/sequences_telomere.html


Telomeres are critical for maintaining genomic integrity and may be factors for age-related diseases.[47] Laboratory studies show that telomere dysfunction or shortening is commonly acquired due process of cellular aging and tumor development.[47][48] Short telomeres can lead to genomic instability, chromosome loss and the formation of non-reciprocal translocations; and telomeres in tumor cells and their precursor lesions are significantly shorter than surrounding normal tissue.[49][50]
Observational studies have found shortened telomeres in many types of experimental cancers.[51] In addition, people with cancer have been found to possess shorter leukocyte telomeres than healthy controls.[52] Recent meta-analyses suggest 1.4 to 3.0 fold increased risk of cancer for those with the shortest vs. longest telomeres.[53][54] However, the increase in risk varies by age, sex, tumor type, and differences in lifestyle factors.[51]

Several techniques are currently employed to assess average telomere length in eukaryotic cells. One method is the Terminal Restriction Fragment (TRF) southern blot.[55][56] A Real-Time PCR assay for telomere length involves determining the Telomere-to-Single Copy Gene (T/S) ratio, which is demonstrated to be proportional to the average telomere length in a cell.[57]
Tools have also been developed to estimate the length of telomere from whole genome sequencing (WGS) experiments. Amongst these are TelSeq,[58] telomere Cat[59] and telomereHunter.[60] Length estimation from WGS typically works by differentiating telomere sequencing reads and then inferring the length of telomere that produced that number of reads. These methods have been shown to correlate with preexisting methods of estimation such as PCR and TRF. Flow-FISH is used to quantify the length of telomeres in human white blood cells. A semi-automated method for measuring the average length of telomeres with Flow FISH was published in Nature Protocols in 2006.[61]
While multiple companies offer telomere length measurement services, the utility of these measurements for widespread clinical or personal use has been questioned.[62][63] Nobel Prize winner Elizabeth Blackburn, who was co-founder of one company, promoted the clinical utility of telomere length measures.[64]
Most research on telomere length and regulation, and its relationship to cancer and aging, has been performed on mammals, especially humans, which have little or no somatic telomerase production. Ectotherms are significantly more likely than endotherms to have variation in somatic telomerase expression. For instance, in many fish, telomerase occurs throughout the body (and associated with this, telomere length is roughly the same across all its tissue). Studies on ectotherms, and other non-mammalian organisms, show that there is no single universal model of telomere erosion; rather, there is wide variation in relevant dynamics across Metazoa, and even within smaller taxonomic groups these patterns appear diverse. Due to the different reproductive timelines of some ectotherms, selection on disease is relevant for a much larger fraction of these creatures’ lives than it is for mammals, so early- and late-life telomere length, and their possible links to cancer, seem especially important in these species from a life history theory point of view.[65]
The human souls look like computer soul.
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