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Abstract 
Telomeres, the protective caps at the ends of chromosomes, play crucial roles in maintaining genomic 
stability, regulating cellular proliferation, and impacting various physiological processes. This review 
delves into the intricate biology, dynamic nature, and multifaceted functions of telomeres in livestock 
species. The telomere dynamics, encompassing processes of shortening and lengthening, are examined in 
the context of cellular aging, disease susceptibility, and reproductive outcomes. Functionally, telomeres 
are integral to cellular homeostasis, immune function, and developmental processes, with implications 
extending to livestock productivity, aging, and disease susceptibility. Drawing from recent studies in 
diverse livestock species, including cattle, pigs, horses, and poultry, we examine the implications of 
telomeres in cancer research, assisted reproductive technologies, and breed-specific differences. Through 
a comprehensive synthesis of existing literature and recent findings, this review underscores the 
importance of telomeres in livestock biology and highlights avenues for future research in this vital area 
of study. 
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1. Introduction 
Across diverse organisms, from plants to animals, telomeres serve as guardians of genomic 
integrity, safeguarding chromosomes from degradation, fusion, and aberrant recombination 
events. Understanding the biology, dynamics, and functions of telomeres is essential not only 
for unraveling fundamental cellular processes but also for elucidating their implications in 
various physiological and pathological conditions. Chromosomes, comprising DNA wrapped 
around histone proteins, harbor the genetic information essential for cellular functioning. Yet, 
with each round of cell division, chromosomes face the challenge of incomplete replication at 
their ends, a phenomenon known as the "end replication problem." Telomeres, composed of 
repetitive nucleotide sequences and associated proteins, provide a solution to this problem by 
preventing the loss of critical genetic material and maintaining chromosomal stability. The 
discovery of telomeres by pioneering geneticists such as Hermann Muller and Barbara 
McClintock marked a significant milestone in understanding chromosome biology, 
highlighting the distinct structures and functions of chromosomal ends. Drawing from a 
plethora of studies conducted in diverse livestock species, we highlight the relevance of 
telomere research in enhancing animal health, productivity, and welfare.  
 
2. History of Telomeres 
The discovery and elucidation of telomeres represent key milestones in the understanding of 
chromosomal biology and cellular senescence. Telomeres, first identified in 1938 by Hermann 
Muller in fruit fly (Drosophila) cells and later in 1939 by Barbara McClintock in corn (Zea 
mays) cells, emerged as distinct structures located at the ends of natural chromosomes (Varela 
and Blasco, 2010) [34]. Muller's and McClintock's observations highlighted the unique nature of 
these chromosomal ends compared to broken chromosomes, prompting Muller to introduce the 
term "telomeres," derived from the Greek words "Telos" meaning "End" and "Meros" meaning 
"Part." (Muller, 1938) [23]. 
Anatomist Leonard Hayflick's seminal work in 1961 demonstrated the finite replicative 
capacity of normal fetal cells, revealing a phenomenon later termed the "Hayflick limit." This 
limit was attributed to the gradual shortening of telomeres with each cell division, as observed 
by Alexey Olovnikov in 1971 [26].  
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Olovnikov's research proposed a link between telomere 
shortening and cellular senescence, laying the groundwork for 
understanding the role of telomeres in cellular aging. In the 
late 1970s, Elizabeth Blackburn and Jack Szostak embarked 
on investigations to unravel the molecular mechanisms 
underlying telomere function. Blackburn focused on 
uncovering telomere end sequences in the unicellular ciliate 
Tetrahymena, while Szostak explored DNA recombination 
mechanisms in yeast cells (Shampay et al., 1984) [31]. Their 
collaborative efforts culminated in the landmark discovery in 
1982, demonstrating the stabilizing role of repeat telomere 
sequences in replication. This groundbreaking work laid the 
foundation for understanding telomere biology across species. 
The pivotal discovery of telomerase, elucidated by Blackburn 
and Carol Greider in 1989, marked a significant advancement 
in telomere research (Greider, 1990) [11]. Telomerase, 
identified as a reverse transcriptase enzyme, was found to 
replenish telomeric DNA by adding repeat sequences to 
chromosome ends, thus counteracting telomere shortening 
and cellular aging. This discovery not only shed light on the 
mechanisms underlying telomere maintenance but also 
opened new avenues for studying telomerase's implications in 
aging, cancer, and cellular longevity. 
 
3. Biology of Telomeres 
3.1 Structure and maintenance  
Vertebrate telomeres, characterized by highly conserved 
repetitive sequences, feature a distinctive 5′-TTAGGG-3′ 
pattern with a long double-stranded AGGGTT region and a 
shorter G-tail, varying in length across species. Critical to 
telomere function is the shelterin complex, composed of 
various proteins including TRF1, TRF2, TIN2, RAP1, TPP1, 
and POT1 (Fig 1). Among these, TRF2 plays a significant 
role in orchestrating the formation of a specialized structure 
known as the 't-loop' or telomeric loop. This loop, situated at 
the distal end of the telomere, comprises a 300 base pair 
single-stranded segment. Functioning akin to a knot, the t-
loop stabilizes the telomere structure, preventing the 
chromosome ends from being mistaken as DNA damage sites 
by the cellular repair machinery. Moreover, components of 
the shelterin complex, particularly TRF2 and POT1, provide 
protection to both the double-stranded and single-stranded 
regions of telomeric DNA, inhibiting the activation of DNA 
damage response kinases such as ATM and ATR. In addition 
to the t-loop, telomeres can adopt other secondary structures, 
including G-quadruplexes, which further contribute to their 
stability. However, these structures can also pose challenges 
during DNA replication by stalling the replication fork and 
inhibiting telomere elongation by telomerase and associated 
proteins. 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. 
Emerging proteins like CST and HOT1 regulate telomere 
replication and telomerase activity, while Telomeric RNA 
(TERRA) modulates telomere dynamics. Telomerase, a 
specialized enzyme, counteracts telomere shortening by 
adding telomeric repeats to the G-tail. This process helps to 
offset the gradual loss of telomeric DNA that occurs during 
each round of DNA replication, a phenomenon known as the 
end replication problem. In cells lacking sufficient telomerase 
activity, progressive telomere shortening eventually leads to 

cellular senescence, highlighting the importance of telomere 
maintenance mechanisms in preserving cellular viability and 
lifespan (Lu et al., 2013) [21]. 
 
3.2 Length and Dynamics  
Telomere length, regulated by two opposing mechanisms—
erosion and telomerase-dependent lengthening—dictates 
cellular lifespan. While telomere length varies greatly among 
species, its dynamics influence aging and disease 
susceptibility. Shortened telomeres induce replicative 
senescence, impacting immune function and promoting 
diseases like cancer and progeria syndrome. Conversely, 
longer telomeres may extend lifespan but could increase 
cancer risk (Weinstein and Ciszek, 2002) [36]. Researches on 
mammalian and avian species have established that telomere 
loss is greatest during early life, which may be due to the 
rapid growth and cell division during early life (Zeichner et 
al., 1999; Baerlocher et al., 2007; Salomons et al., 2009) [38, 2, 

28]. Telomere manipulation offers promise in aging research, 
with studies suggesting potential rejuvenation effects. 
However, the intricacies of telomere dynamics, observed even 
in long-lived species like seabirds (Juola et al., 2006), 
highlight the complexity of telomere biology and its role in 
longevity. 
 
3.3 Cloning- Telomere Shortening 
Somatic cell nuclear transfer in livestock allows cloning for 
genetic superiority and transgenic traits. However, offspring 
may start life with shortened telomeres, leading to premature 
aging and disease susceptibility, particularly cancer. Cloned 
animals often exhibit shorter telomeres, but results vary 
across species and cell types used (Table 1) (Burgstaller and 
Brem, 2017) [5]. Telomere length discrepancy can arise from 
cell type variations in somatic cell nuclear transfer. 
Telomerase activity during embryo development influences 
Telomere length restoration, with tissue-to-tissue Telomere 
length variations observed. Species and sex differences also 
impact Telomere length in cloned animals. Trichostatin A 
treatment has shown promise in lengthening telomeres in 
cloned offspring. Comprehensive research with larger sample 
sizes is vital for understanding TL dynamics in cloned 
livestock and ensuring their health and longevity (Zhang et 
al., 2023) [39].  
 
4. Implications of Telomeres in Livestock 
Telomeres play diverse roles in livestock, including cancer 
and disease research, assisted reproductive technologies, 
developmental biology, epigenetic regulation of telomere 
length, productive lifespan, aging, and breeds variations. The 
subsequent sections delve into the outcomes of different 
telomere investigations conducted in livestock. 
 
4.1 Age and Longetivity 
Research findings indicate that as livestock age, their average 
telomere length diminishes, as evidenced in studies involving 
cattle (Brown et al., 2012; Seeker et al., 2018; Haagen et al., 
2022; Muratori et al., 2022) [4, 29, 12, 24]. Whittemore et al. 
(2019) [27] highlighted a correlation between the rate of 
telomere attrition and species lifespan. However, the breeding 
value for telomere length did not correlate with cow longevity 
or other fitness measures (Muratori et al., 2022) [24]. Froy et 
al. (2021) [10] established an association between average 
telomere length and individual lifespan in Soay sheep. In pigs, 
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Jin et al. (2014) [19] observed that older pigs had relatively 
shorter telomeres compared to younger ones. Additionally, 
Denham et al. (2019) [8] reported an average annual telomere 
shortening of 134 base pairs per year in thoroughbred horses. 
These findings underscore a strong inverse correlation 

between age and telomere length across livestock species. 
However, the correlation between longevity and telomere 
length remains inconclusive due to limited and inconsistent 
reports. 
 

 

 
 

Fig 1: Structure of Telomere (Cesare and Reddel, 2010-13) [6] 
 

Table 1: Telomere Length (TL) in Cloned animals (Burgstaller and Brem, 2017) [5] 
 

Cloned Species Breed Donor cell type TL in relation with control 

Cattle 
(64.6% normal/ longer TL) 

Holstein Somatic Longer 
Brahman Fibroblast Same 
Holstein Oviduct Shorter 
Holstein Ear Shorter 
Jersey Oviduct Shorter 

Swine (69.6%) 
Landrace Ear fibroblast Shorter 
Yorkshire Ear fibroblast Same 
Crossbred Skin fibroblast Same 

Sheep (37.5%) 
Black Welsh Fetal fibroblast Shorter 
Dorset Cross Fetal fibroblast Same 
Poll Dorset Embryonic cells Shorter 

Goat (36.4%) Boer Skin fibroblast Same 
Nigerian Adult Granulosa Shorter 

 
4.2 Production  
Seeker et al. (2018) [29] noted a negative correlation between 
the birth weight of calves and telomere length. Muratori et al. 
(2022) [24] observed that breeding values linked to telomere 
length were correlated with enhanced productive life. 
Additionally, lameness (Ilska-Warner et al., 2019) [18] and 
heat stress (Seeker et al., 2021) [30] in cows were found to 
reduce the telomere length of their offspring. The age of the 
cow also plays a role in offspring telomere length, with older 
cows tending to produce calves with shorter telomeres 
(O’Daniel et al., 2023; Meesters et al., 2023) [25, 22]. O’Daniel 
et al. (2023) [25] found a positive correlation between 
parturition duration and cow telomere length. Moreover, as 
temperature and humidity increase during the third trimester 
of gestation, the telomere length of calves decreases 
(Meesters et al., 2023) [22]. In bulls, higher semen quality-
characterized by factors like sperm volume, motility, viability, 
and low abnormalities-correlates with longer telomeres 
(Meesters et al., 2023) [22]. In pigs, sperm telomeres were 
found to be longer than somatic cells (Fradiani et al., 2004) [9], 
and no significant association was observed between telomere 
length and semen quality (Ribas-Maynou et al., 2022) [27]. 
Denham and Denham (2019) [8] reported that telomere length 
and performance traits in horses were not significantly 
associated. 

4.3 Disease Resistance 
Szczotka et al. (2019) [32] observed that telomeres in diseased 
or infected cattle were notably shorter compared to those in 
healthier counterparts. Furthermore, breeding values linked to 
telomere length correlated with enhanced resistance to 
diseases such as mastitis, metritis, and displaced abomasum 
(Muratori et al., 2022) [24]. Hanis et al. (2022) [13] suggested 
that telomere length might serve as an indicator of health, 
particularly in relation to abnormal oral behavior in horses. 
However, their subsequent study (Hanis et al., 2023) [14] did 
not reveal any significant difference in telomere length before 
and after dietary changes. 
 
4.4 Economical traits 
According to Watson et al. (2017) [35], mature ewes aged over 
3 years generally exhibit longer telomeres compared to rams. 
However, in horses, Muratori et al. (2022) [24] found no 
significant variation in telomere length concerning sex or coat 
color. 
 
4.5 Other Studies 
Tilesi et al. (2010) [33] assessed telomere length in two Italian 
cattle breeds, Chianina and Maremmana, finding that 
telomere length variation was minimal among individuals in 
Chianina but more pronounced in Maremmana. They 
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proposed that telomere length is influenced by breed 
characteristics. Fradiani et al. (2004) [9] investigated telomere 
and telomerase activity in pig tissue, determining that 
telomerase activity is absent in maturing spermatozoa. This 
suggests that sperm telomere elongation is constrained during 
spermatogenesis. Argyle et al. (2003) [1] concluded that 
telomerase does not significantly contribute to the 
development of the most common equine tumors. 
In summary, telomeres play pivotal roles in various aspects of 
livestock biology, including aging, production, disease 
resistance, and economical traits. Studies have consistently 
shown an inverse correlation between age and telomere length 
across different livestock species, highlighting telomeres' 
importance in the aging process. Moreover, telomere length 
has been associated with productive traits such as birth weight 
in calves and semen quality in bulls. Additionally, telomeres 
may serve as indicators of disease resistance, as evidenced by 
shorter telomeres observed in diseased cattle. However, the 
relationship between telomere length and longevity remains 
inconclusive, necessitating further investigation. Furthermore, 
breed variations and sex-specific differences in telomere 
length underscore the complexity of telomere biology in 
livestock. 
  
5. Conclusion 
Telomeres emerge as crucial players in the biology of 
livestock, influencing various aspects such as aging, 
productivity, disease resistance, and economic traits. Through 
a thorough exploration of telomere dynamics and functions, 
this review sheds light on their multifaceted roles in 
maintaining genomic stability, regulating cellular 
proliferation, and impacting physiological processes in 
livestock species. The findings underscore the significance of 
telomeres in diverse areas of livestock research, including 
cancer studies, assisted reproductive technologies, and breed-
specific differences. While significant strides have been made 
in understanding the implications of telomeres in livestock 
biology, several avenues for future research remain. The 
inconclusive nature of the relationship between telomere 
length and longevity necessitates further investigation, 
particularly with larger sample sizes and longitudinal studies. 
Additionally, exploring the underlying mechanisms driving 
telomere dynamics and their impact on disease susceptibility 
and productivity traits could provide valuable insights for 
livestock management and breeding programs. Overall, this 
review emphasizes the importance of telomeres in livestock 
biology and highlights the need for continued research to 
unravel their intricate roles and potential applications in 
improving animal health, welfare, and productivity. 
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