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Abstract. High milk yield is associated with reduced longevity in high-producing dairy cattle breeds. Pre-term cull-
ing leads to high replacement heifer demand and economic losses for the dairy industry. Selection for this trait is
limited because of low heritability and difficulties in phenotype measurement. Telomeres are elements found at the
ends of chromosomes, consisting of repetitive DNA sequences, several thousand base pairs in length, coupled with
nucleoprotein complexes. Eventually, in humans and most other animals, telomere length reduces with age. When
telomeric DNA is truncated to a critical length, cell ageing, cell cycle arrest, and apoptosis are induced. As a result,
telomere length can be considered as a predictor of health risks and an individual’s lifespan. The leukocyte telomere
length may be used as a proxy phenotype of productive lifespan to improve cattle selection. Our objectives were to
assess the effects of breed and breed group (dairy vs. beef) on the leukocyte telomere length and to estimate the ef-
fect of cold climate on this trait in Kalmyk cattle populations from the South (Rostov Oblast) and Far North (Republic
of Sakha) regions of Russia. The leukocyte telomere lengths were estimated computationally from whole-genome
resequencing data. We leveraged data on leukocyte telomere length, sex, and age of 239 animals from 17 cattle
breeds. The breed factor had a significant effect on leukocyte telomere length across our sample. There was no dif-
ference in leukocyte telomere length between dairy and beef groups. The population factor had a significant effect
on leukocyte telomere length in Kalmyk animals. In conclusion, we found that breed, but not breed group (dairy vs.
beef), was significantly associated with leukocyte telomere length in cattle. Residence in colder climates was asso-
ciated with longer leukocyte telomere length in Kalmyk breed cattle.
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BausiH1e Mopoabl U cpeabl Ha AAMHY TeJIoMep JIEIKOIIITOB
Y KPYIITHOT'O pOTraToro CKOTa
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AHHoTauumA. Bbicokne yonm MooKa conpsKeHbl C COKpaLLeHNemM NpOoAoHKUTENIbHOCTY XKU3HW Y BbICOKOMPOAYK-
TUBHBIX MOJIOYHBIX NMOPOJ CKOTa. [pexxaeBpeMeHHasa BbIOpaKoBKa NPUBOAMUT K 3HAUMNTENbHBIM SKOHOMUYECKMM No-
TEPSIM B MOJTIOYHOM »KMBOTHOBOZLCTBE 1 YBEJIMUEHUIO NMOTPEOHOCTY B PEMOHTHBIX Tenkax. OTOop No 3ToMy NpusHaky
3aTPyAHEeH 13-3a HU3KOW HacnedyeMoCTy U CIIOXKHOCTM M3MepeHUa AaHHoro deHoTuna. Tenomepbl — 3TO CTPYKTY-
Pbl, HAXOAAWMECA HAa KOHLLaX XPOMOCOM, COCTOALLME 13 MOBTOPAOLMXCA nocnegoBaTenbHocten AHK gnuHon B He-
CKOMNbKO TbICAY Nap OCHOBAHWIA, CBA3aHHbIX C HYKNEOMNPOTEMHOBBIMU KOMMieKcaMu. Y nioaeit 1 60NbLUMHCTBA APY-
TVIX XMBOTHbIX AJINHA TENOMEpP yMeHbLUaeTca ¢ Bo3pacToM. Korga tenomepHasa [JHK cokpaluaeTca 1o KpUtmnyeckon
L/VIHbI, MHAYLVPYIOTCA NPOLIECChI CTapeHWA KNeTOK, OCTaHOBKM KNETOYHOrO LMKMa 1 anonTto3a. B pesynbTtate gnvHy
TesloMep MOXHO PacCMaTpUBaTb Kak NpefuKkTop PUCKOB A/1A 300POBbA U NPOAOIKUTENBHOCTIN XU3HW NHAUBMAA.
[nvHa Tenomep NenKoLMTOB MOXET ObITb UCMONb30BaHa B KauyecTBe cypporaTtHoro GeHotuna Ans nprsHaka npo-
LYKTVBHOTO JONTONETUSA AN YNYYLLEHUA CENeKUMM KPYMHOro poraTtoro ckoTa. Llenbto Haweli paboTbl 6bin0 — oue-
HUTb BAVAHWE NOPOLbl N HaMpaBReHNA NPOAYKTMBHOCTY (MOSIOYHOE UNIM MACHOE) Ha AVHY TefIoMep IeNKOLMTOB, a
TaKXe npoaHann3npoBaTb BANAHME XONOLHOMO KUMaTa Ha 3TOT NpM3HakK B NOMyNALMAX KPYMHOro poraToro ckota
KanmblLKoM nopofbl Ha lOre (PocTtoBckaa obnactb) 1 KpaHem CeBepe (Pecnybnuka Caxa) Poccun. M3amepenue gnu-
Hbl TeNOMep NeNKOLMTOB OCYLLECTBIEHO C MOMOLLbIO KOMMbIOTEPHbIX METOI0B Ha OCHOBE JAaHHbIX MOTHOF@HOMHOTO
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BnusHe nopogpl 1 cpefpbl Ha ANNHY TeNoMep NeiKoLnUTOB
Y KpYMHOTO pOoraToro ckota

peceKkBeHUpPOBaHMsA. Mbl UCMONb30Bany faHHble O AJIMHE TENIOMEP NIENKOLMTOB, NONOBOV MPUHAANEXHOCTMN 1 BO3-
pacTe 239 XMBOTHbIX, OTHOCALMXCA K 17 NOpoAam KpyrnHoro poratoro ckota. ®akTop nopofbl OKasbiBaeT cylie-
CTBEHHOE BNIUsAHME Ha ANVIHY TeNoMep NEeNKOLUTOB B Halleil BbibopKe. [JOCTOBEPHbIX pa3nnunii B AnNviHe TeloMep
NeNKOUNTOB MeXy MOJIOYHbIMY U MSACHBIMMW TPYMNMNamMy Hamy He BbisIBNEHO. 3HaUMTeNIbHOE BAVSHME Ha LJIMHY Te-
noMep NENKOLMTOB Y »KMBOTHBIX KaNIMbILKOI MOPOfibl OKa3biBaeT dakTop nonynsauumn. Takum obpasom, Mbl 06Hapy-
KWW, YTO MMEHHO NMOPOJa, HO He HaMnpaB/eHne NPOLYKTUBHOCTY (MOMIOUHOE UK MACHOE), LOCTOBEPHO BAMANA Ha
LJIMHY TeloMep NeNKOLMTOB Y KPYMHOTO poratoro ckota. Pa3BefieHue B 60ee XonofgHOM Kmmate 6bl1o accoummnpo-
BaHO ¢ 6onbluel ANNHOW TeNoMep NeKOLMTOB Y KPYMHOIo pOraToro CKoTa KasiMbILKO Nopoabl.

KnioueBble cnoBa: fonroneTue; cenekums; KPYMHbIA poraTtblii CKOT; MOJIOYHBINA; MACHOW; XONOAHbIV KNVMaT; AirHa

Tenomep J'IeI7IKOL|,I/ITOB.

Introduction

High milk production correlates with poor longevity in high-
producing cattle breeds, primarily Holstein Friesian (Hu et
al., 2021). Pre-term culling leads to high replacement heifer
demand and economic losses for the dairy industry (Grandl
et al., 2019). There is a need to improve the longevity traits
of dairy cattle. However, selection for these traits is limited
because of low heritability and difficulties in phenotype mea-
surement (Zhang H. et al., 2021).

Telomeres are elements found at the ends of chromosomes,
consisting of repetitive DNA sequences, several thousand base
pairs in length, coupled with nucleoprotein complexes (Jenner
et al., 2022). They protect the chromosomes from degrada-
tion and inhibit aberrant rearrangements during cell division
(Monaghan, Ozanne, 2018). Telomeres become shorter with
every cell division due to the end replication problem (Chakra-
varti et al., 2021) but can be maintained through telomerase
activity (Schrumpfova, Fajkus, 2020) and shelterin complex
(de Lange, 2018). Eventually, in humans and most other ani-
mals, telomere length reduces with age (Blackburn et al., 2015;
Whittemore et al., 2019). When telomeric DNA is truncated
to a critical length, cell ageing, cell cycle arrest, and apoptosis
are induced (Chakravarti et al., 2021; Lopez-Otin et al., 2023).
As a result, telomere length can be considered as a predictor
of health risks and an individual’s lifespan. Telomere length
is correlated with many age-related conditions in humans
(Armanios, 2022; Rossiello et al., 2022) and reduced life ex-
pectancy in humans and other species (Wilbourn et al., 2018;
Liu et al., 2019; Crocco et al., 2021).

Telomeres in cattle shorten with age, similar to most other
animals (Miyashita et al., 2002). Adult Holstein dams with
short telomeres are more likely to be culled than dams with
long telomeres (Brown et al., 2012). Productive lifespan in
Holsteins was correlated with telomere length at birth (Ilska-
Warner et al., 2019), at the age of one year (Seeker et al.,
2018a), as well as telomere attrition rate (Seeker et al., 2021).
The telomere length in the Agerolese breed, having a long
lifespan, was significantly higher than that in the Holstein
breed of the same age (lannuzzi et al., 2022). Therefore,
telomere length may be used as a proxy trait of lifespan and
health to improve cattle selection.

Telomere length in cattle is a complex trait controlled by
both genetics and environment. However, it is still unclear to
what extent these factors influence this trait. A recent meta-
analysis of the heritability of telomere length showed a mode-
rate mean heritability of this trait (0.45) in 18 vertebrate species
(Chik et al., 2022). Estimates of the heritability of telomere
length, even in a single species (human), may range from 0.36

(Andrew et al., 2006) to 0.70 (Broer et al., 2013). This vari-
ability in estimates appears to be due to different research
methodologies. For example, in most studies, parents and
offspring are of different ages. In statistical analyses, age is
counted as a covariate, but this implies a linear relationship
between telomere length and age, which is not always the case
(Dugdale, Richardson, 2018).

The influence of environmental factors on telomere length
has been well studied in human epidemiological studies. For
example, a negative correlation was found between telomere
length and emotional stress (Law et al., 2016), Western pat-
tern diet (Rafie et al., 2017), cigarette smoking (Astuti et al.,
2017), and environmental chemicals (Zhang X. et al., 2013).
In birds, short telomeres or a high rate of telomere shorten-
ing have been associated with malaria infection (Asghar et
al., 2016), increased brood size (Reichert et al., 2014), early
postnatal stress (Herborn et al., 2014) and sibling competition
(Mizutani et al., 2016).

Heritability estimates of leukocyte telomere length in Hol-
stein cattle ranged from 0.32 to 0.47 (Seeker et al., 2018a, b).
Fourteen candidate genes at birth and nine at first lactation
were associated with this trait in this breed using a genome-
wide association study (Ilska-Warner et al., 2019). Our ge-
nome-wide association study of seventeen cattle breeds re-
vealed several SNPs associated with bovine telomere length.
We also confirmed the effects of loci reported by previous
studies (Igoshin et al., 2023). Mastitis (Ilska-Warner et al.,
2019), bovine leukaemia virus infection (Szczotka et al.,
2019), oxidative stress (Ribas-Maynou et al., 2022), parturi-
tion and raising the first calf (O’Daniel et al., 2023), lameness
(Ilska-Warner et al., 2019), and lactation (Laubenthal et al.,
2016) have been found to be associated with cattle telomere
length. The management of the farm and genetics are herd-
related factors that can significantly affect telomere length
(Brown et al., 2012). However, the question remains unan-
swered: to what extent is telomere length in cattle determined
by breed and influenced by environmental stressors, such as
weather conditions?

There are two studies on the association of the animal breed
and telomere length in cattle (Tilesi et al., 2010; lannuzzi et
al., 2022). Both studies found differences in telomere lengths
between the two cattle breeds in the same tissues. However,
it is unclear how widespread this phenomenon is across mul-
tiple cattle breeds with different phylogenetic origins and
ecogeographic breeding conditions. P. Kordowitzki et al.
hypothesized that severely disturbed energy balance in high-
producing dairy cows eventually leads to decreased regene-
rative capacity and premature senescence, which can be
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The climatic conditions for the sampling locations in Rostov Oblast and the Republic of Sakha
(according to https://climatecharts.net (Zepner et al,, 2021), accessed on 30 August 2023)

Location Coordinates Mean January

temperature, °C

Mechetny settlement 48°03'54"N, -4.4
(Rostov Oblast) 40°38'23"E

Kyuyorelyakh settlement 62°34'17"N, -37.2
(Republic of Sakha) 126°50'26"E

assessed by telomere length (Kordowitzki et al., 2021). The
fraction of short telomeres in PBMCs of the high-producing
Holstein-Friesian breed was higher than in the dual-purpose
Polish Red breed, but this observation was not supported by
a statistical test significance. Therefore, it remains unclear
whether different breeds of cattle (dairy vs. beef) exhibit va-
riation in telomere length.

Seeker et al. suggested that heat may be an environmental
stressor capable of causing telomere attrition (Seeker et al.,
2021). They found a strong correlation between maximum
summer temperature and telomere attrition in Holstein-
Friesian cattle. Heat stress during gestation also affected the
telomere length in newborn Holstein calves. A higher median
temperature-humidity index during gestation resulted in calves
born with shorter telomere lengths (Meesters et al., 2023).
There are, however, no studies that investigate the influence
of cold weather on telomere length in cattle. A single human
study showed that prenatal temperature exposure below 5 °C
was associated with longer telomere length in newborn babies
(Martens et al., 2019).

There are only two native beef cattle breeds in Russia: Kal-
myk and its derivative Kazakh Whiteheaded breeds. It is be-
lieved that the Kalmyk cattle originated in Northwest China
(Dzungaria) and was brought to Russia, to the Volga area, by
migrating nomadic tribes in the seventeenth century (Dmit-
riev, Ernst, 1989). The Kalmyk breed was created under harsh
conditions: the icy wind in winter or the hot sun in summer,
frequent epizootics, etc. The specific traits of the Kalmyk
breed include high viability, adaptation to the harsh climate,
resistance to infections, long lifespan, thickening of the epi-
dermis at the expense of the dermis in winter, abundance of
sebaceous and sweat glands in the skin compared to other
breeds (Dmitriev, Ernst, 1989). In Russia, the Kalmyk beef
herd is mainly found in two regions: the Republic of Kalmy-
kia and Rostov Oblast (Kayumov et al., 2014). This breed has
also been reared in the Republic of Sakha (Yakutia) since 2013
when about 200 Kalmyk cattle animals were imported from
the Republic of Kalmykia (Sleptsov, Machakhtyrova, 2019).
Yakutia has an extreme and severe climate, with the average
winter temperature below —35 °C.

The objectives of our study were (1) to assess the effects
of breed and breed group (dairy vs. beef) on the leukocyte
telomere length in the sample of 239 animals from 17 cattle
breeds and (2) to estimate the effect of cold climate on this trait
in Kalmyk cattle populations from the South and Far North
regions of Russia. We hypothesized that high milk yield or
extreme cold weather may be stress factors that may have led
to a change in telomere length in cattle.

Mean July Mean annual Precipitation sum,
temperature, °C temperature, °C mm

237 9.8 508.7

18.0 -9.1 312.7

Materials and methods

Samples. In this work, we leveraged data on leukocyte telo-
mere length, sex, and age of 239 animals from cattle breeds
used in our previous study (Igoshin et al., 2023). The leukocyte
telomere lengths have been estimated computationally from
whole-genome resequencing data using TelSeq software (Ding
et al., 2014), which is a frequently used program for this pur-
pose and which has been confirmed by multiple experimental
techniques (Ding et al., 2014; Cook et al., 2016; Pinese et al.,
2020; Taub et al., 2022; Zhang D. et al., 2022). The details of
the estimation procedure can be found in our previous work
(Igoshin et al., 2023).

The breeds investigated are dairy (Russian Black Pied,
Holstein, Kholmogory, Red Steppe, Yaroslavl), beef (Charo-
lais, Hereford, Kalmyk, Kazakh Whiteheaded, Wagyu), and
dual-purpose (Alatau, Bestuzhev, Buryat, Kostroma, Tagil,
Ukrainian Grey, Yakut) (Dunin, Dankvert, 2013; Lhasaranov,
2020). Among 30 individuals of the Kalmyk cattle breed
(Supplementary Material 1)!, one group of animals (n = 10)
was reared in Rostov Oblast (Mechetny settlement), while the
other (n =20) was from the Republic of Sakha (Kyuyorelyakh
settlement). The climatic conditions in these locations differ
substantially (see the Table). All the Kalmyk animals from
both locations were raised in a stall-pasture system.

Population structure. Even in the absence of selection,
a founder effect or, more broadly, genetic drift could lead to
genetic differentiation between two isolated populations of
common origin. To ensure that two populations of the Kal-
myk breed are genetically indistinguishable, we performed
the principal component analysis using PLINK v.1.9 (Purcell
et al., 2007) (--pca option) and the analysis of population
structure using fastSTRUCTURE v1.0 (Raj et al., 2014). The
fastSTRUCTURE program was run with K ranging from K =2
to K = 8. The resulting cluster memberships were visualized
with PONG v.1.5 software (Behr et al., 2016). For both me-
thods, we used an LD-pruned (PLINK: --indep-pairwise 5000
100 0.1) dataset containing genotypes of 20,184 SNPs in
116 animals (Kalmyk animals and individuals having SRA ID
from Supplementary Material 1).

Statistical analysis. Like in many other studies, the distri-
bution of LTL in our work was skewed. If not corrected, this
violates the assumptions of parametric tests, thus affecting
statistical power (Lantz, 2013). Therefore, associations with
LTL were tested by using log-transformed LTL values (e. g.
Leung et al., 2014; Lynch et al., 2016). To find out whether
a breed factor contributes to LTL variation in cattle, we used

1 Supplementary Materials 1-6 are available at
https://vavilovj-icg.ru/download/pict-2024-28/appx10.pdf
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ANOVA (“aov” R function) with log-transformed LTLs
(log;((LTLs)) as a response variable and breed as a factor va-
riable, accounting for age and sex: aov(logLTL ~ Age + Sex +
Breed). To find out which breeds significantly differ from each
other, we additionally performed a standard ANOVA post hoc
test — Tukey’s HSD test utilising the “g/A¢” function from the
“multcomp” R package (Hothorn et al., 2008). Also, we com-
bined beef and dairy breeds into two groups and tested for a
difference between them: aov(logLTL ~ Age + Sex + Group).
As all the Kalmyk individuals used were dams, the test for
differences between this breed’s populations was conducted
by accounting only for age: aov(logLTL ~ Age + Population).

For statistically significant variables we estimated the va-
riance explained (n?) using the “eta_squared” function from
the “effectsize” R package (Ben-Shachar et al., 2020) with the
“partial = TRUE” option.

Preparing data for visualization and descriptive sta-
tistics. As confirmed in our study, telomere length typically
decreases with age (Spearman’s p = —0.305, p = 1.58x10°¢
for raw and log-transformed LTLs) (Supplementary Mate-
rial 2). Therefore, for boxplot visualization and descriptive
statistics, we calculated the log;((LTL) values expected given
the constant age. For this purpose, we fitted a regression model
(“Im” R function) with logLTL as the response variable, and

BnmaHuwe nopogbl 1 cpeapbl Ha ANIMHY TeNoMep NeNKOLUTOB 2024
Y KPpYNHOro poraToro ckota 28.2

age, sex (coded by 0/1) and breed (16 covariates coded by
0/1) variables as predictors. As a result, we obtained regres-
sion parameters (intercept and slopes for each predictor) and
residuals. For each animal, we summed up: the intercept, the
animal’s residual, and products of each predictor value and
its respective slope. For the age predictor, however, actual
values were substituted by the average value of 4.5 years. The
resulting values represent the expectation for logLTL given
the constant age of 4.5 years. These age-adjusted log;o(LTLs)
and their corresponding values in kilobases (hereafter “age-
adjusted LTLs”) are shown in Supplementary Material 1. The
descriptive statistics for breeds can be found in Supplementary
Material 3.

Results
The statistical analysis shows that breed factor has a signifi-
cant (p=6.12x10715,12=0.37) effect on leukocyte telomere
length across our sample of 239 individuals (see Figure, a).
Tukey’s HSD test showed significant differences for 28 breed
pairs (Supplementary Material 4). At the same time, there is no
significant difference in LTL between dairy and beef groups
(p=0.0748) (see Figure, b).

The statistical testing performed for the Kalmyk breed
shows that the population factor has a significant (p = 0.0283,

p=0.0748 p=0.0283
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Boxplots illustrating the log-transformed and adjusted for age (expectation at 4.5 years) leukocyte telomere lengths

in a) different breeds; b) beef and dairy breed

groups, and c) in two populations of the Kalmyk breed.

The p-values designate the statistical significance for differences between the abovementioned categories. The brown, pink
and light-yellow colours correspond to beef, dual-purpose, and dairy breeds. The numbers at the top of boxplots indicate the

number of animals.
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n? = 0.17) effect on LTL in studied Kalmyk animals, with
the individuals from Rostov Oblast having shorter telomeres
(see Figure, c). The results of the principal component ana-
lysis show that the Rostov and Sakha populations form two
highly overlapping clusters (Supplementary Material 5). Also,
fastSTRUCTURE results suggest that the two Kalmyk po-
pulations are homogeneous and possible genetic differences
between them do not exceed the level of variation within
other breeds (Supplementary Material 6). Therefore, the LTL
differences between the two groups are most likely explained
by environmental conditions.

It should also be mentioned that the age variable signifi-
cantly affects LTL in all tests: p = 1.46 x 107, 1> =0.10 (testing
for the effect of breed); p = 0.0248, n? = 0.07 (dairy vs. beef
group); and p = 0.0038, > = 0.27 (Kalmyk Sakha vs. Kalmyk
Rostov). However, the sex factor has no significant effect on
LTL either in the test for breed factor (p = 0.205) or in the
test for the factor of breed group (p = 0.8752).

Discussion

The primary aim of this study was to investigate the correlation
between the breed type and leucocyte telomere length (LTL)
in cattle. Our additional goal was to check the effect of the
environment (e. g., colder climate) on the LTL within popula-
tions of the same breed grown in different climates. Based on
the resequencing data of 17 cattle breeds, our findings indicate
that the breed factor has a significant impact on LTL. These
results align with earlier studies that reported LTL differences
in pairwise comparisons between cattle breeds (Tilesi et al.,
2010; Tannuzzi et al., 2022). We also found evidence for an
association between LTL and differences in climatic conditions
for a single cattle breed reared in different regions of Russia.

It was shown in our analysis that the breed factor contributes
more to total LTL variation compared to age. The possible
practical implication for this could be the use of breeds cha-
racterised by long telomeres in crossbreeding programs aimed
to improve telomere-length-associated phenotypes in cattle.

Apart from cattle, studies are reporting LTL differences
between Caenorhabditis elegans strains (Cook et al., 2016),
outbred populations and inbred strains of mice (Mus musculus
and Peromyscus leucopus) (Manning et al., 2002), and dog
breeds (Fick et al., 2012). These reports suggest the existence
of a genetic basis for such variability. Based on heritability
estimates for LTL in Holsteins (0.32-0.47) (Seeker et al.,
2018a, b), we propose that genetic factors may largely explain
inter-breed differences observed in our study.

Herein we compared the LTL in dairy and beef breeds. The
results However did not reveal any statistically significant
difference between these two groups. This finding is con-
sistent with a previous study that compared LTLs between
dairy and dual-purpose cattle breeds, which also showed no
difference (Kordowitzki et al., 2021). Our study focused on
distinct groups of cattle breeds, specifically dairy and beef,
covering a wider range of genetics than the previous study.
Also, each production breed type was represented by five
breeds. Therefore, the results reported herein could provide
stronger support for the lack of LTL differences between the
cattle breed types. Our results are also consistent with similar
studies done in other domestic species, e. g., dogs, where no
difference in LTL was reported for breed groups (working,
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herding, hunting) (Fick et al., 2012). It appears that comple-
mentary contributions of many factors affecting a particular
breed (e. g. genetic makeup, management practices, veterina-
ry care, climate conditions, etc.) have a greater influence on
the LTL than physiological features associated with different
production types. This result suggests that the selection for
telomere-length-associated traits will probably not lead to
substantial changes in milk or meat yields.

To investigate the possible effects of environments on
telomere lengths of the same cattle breed, we compared the
LTLs between two populations of the Kalmyk cattle reared
in different climatic conditions. We observed a significant
difference in agreement with a previous human study show-
ing an association between prenatal cold exposure and longer
blood telomere length in newborns (Martens et al., 2019).
Indeed, longer telomere lengths detected in animals from the
Sakha Republic with colder climates compared to the control
population from Rostov Oblast imply that there could be a
mechanism of telomere maintenance in colder climates in
cattle. In ectotherms, however, there are reports that at cooler
conditions telomere shortening happens during development
(Friesen et al., 2022; Burraco et al., 2023), but other authors
did not confirm this observation (McLennan et al., 2018).

In bat species, Myotis myotis, average and minimum tem-
peratures, rainfall and wind speed during the spring when
bats emerge from hibernation, give birth and rear young were
associated with higher telomere attrition (Foley et al., 2020).
The authors, however, did not report which variable is the
driver for telomere length change. The comparison of telomere
length between two species of rodents hibernating at either 3
or 14 °C revealed that individuals hibernating at the warmer
temperature had longer telomeres than individuals hibernating
at the colder temperature (Nowack et al., 2019). The authors
hypothesized that the observed effect was not related to cold
climate, but rather was associated with restoration of telomere
length during frequent arousals when the body temperature
returns to normal values.

The mechanisms by which cold climate impacts leukocyte
telomere length in cattle remain unclear. On the one hand,
cold exposure may inhibit telomere shortening, since low
temperature reduces the rate of cell proliferation in mamma-
lian cells (Kanagawa et al., 2006; Fulbert et al., 2019). On the
other hand, cold exposure may induce telomere elongation by
influencing the components of the telomerase complex. It was
shown that cold-inducible RN A-binding protein (CIRP) was
essential for telomere maintenance at hypothermia conditions
in vitro by regulating both reverse transcriptase TERT and the
RNA subunit TERC in the telomerase core complex (Zhang Y.
etal., 2016). The transcription of telomeric repeat-containing
RNAs (TERRASs), which are associated with telomere stabil-
ity, was induced in mice exposed to cold (Galigniana et al.,
2020).

One could ask if there is an optimal ambient temperature
at which the LTL in cattle would be the longest. The few
studies on the effect of ambient temperature on the LTL of
endothermic mammals do not allow us to answer this question
unambiguously. Extremely low or high ambient temperatures
lead to hypo- and hyperthermia when the body temperature
deviates substantially below and above the narrow limits of
the regulated range, i. e., cause stress. The influence of a large
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number of stressors, including extreme environmental fac-
tors, is known to be associated with shorter telomeres or an
increased rate of telomere shortening (Chatelain et al., 2020;
Lin, Epel, 2022).

Indirect information on the effect of moderate cold on LTL,
when body temperature remains within the normal range,
could be obtained from studies of the effect of body tempera-
ture on the ageing process. On the one hand, in endotherms,
a small decrease in body temperature is associated with an
increase in life expectancy (Conti et al., 2006; Carrillo, Flouris,
2011). On the other hand, in some cases, there is an inverse
relationship (Zhao et al., 2022). For example, human females
tend to have a longer life expectancy than males, but their body
temperature is higher (Waalen, Buxbaum, 2011). The mecha-
nisms that control the relationship between body temperature
and life expectancy involve not only a decrease in metabolic
rate when the temperature declines, but also neuroendocrine
processes that indirectly affect a variety of physiological
responses when temperature changes. Therefore, the optimal
limits of ambient temperature at which the LTL in cattle will
be longest could exist, but this question requires further study.

Conclusion

In conclusion, we found that breed, but not breed group (dairy
vs. beef), significantly influenced leukocyte telomere length
in cattle. Residence in colder climates was associated with
longer leukocyte telomere length in the Kalmyk cattle breed.
Our results add to the evidence regarding the influence of
breed origin and cold climate on this trait in farm animals.
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