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"ife expectancy is the period of time an indiEidual can >e expected to liEeC Fhe term can >e used 
interchangea>ly 8ith aEerage lifespan and aEerage longeEityC Fypically an indiEidual taMes some time to 
reach sexual maturity, then liEes through a reproductiEe phase, and finally enters the complex process 
of agingC In humans aging is composed of seEeral featuresG 

 

! An exponential increase in mortality 8ith age, that is the pro>a>ility of dying at age 30 is much 
smaller than dying at age 70C 

! Xhysiological changes that typically lead to a functional decline 8ith ageC Aging often is 
accompanied >y unpleasant features such as loss of hearing or loss of eye sightC 

! An increased suscepti>ility to certain disease 8ith ageC Such diseases causing death are heart 
diseases, cancer or neurological disorders, to name the most frefuent onesC 

 
 

Fhe process of aging can not only >e o>serEed at the indiEidual leEel >ut all the 8ay do8n to the single 
cellC /actors influencing aging cannot easily >e separated from those influencing longeEity as in most 
organism aging is an integral part of longeEityC In the follo8ing 8e do not pretend to >e a>le to dissect 
this complex of longeEity and aging >ut rather focus on the fuestion 8hether there is enough genetics 
>ehind longeEity in the Bernese Mountain Dog to >reed for longeEityC /or this purpose 8e first should 
looM at 8hat is Mno8n in other organisms a>out longeEity and agingC 

 

Fhere can >e no dou>t that enEironmental factors do haEe an impact on longeEity as accidents or 
diseases can terminate a lifeC But there must >e a strong genetic component as 8ellC Sther8ise it 8ould 
>e difficult to explain 8hy a mouse should liEe no longer than ` years >ut a >at of simillar >ody mass 
should liEe up to 3` yearsC Fhe life span of the calico rocMfish is a>out 12 years 8hereas its close 
relatiEe, the rougheye rocMfish liEes oEer 200 years 8ith no signs of agingC All salmons die shortly after 
reproduction >ut for the steelhead trout this holds not trueC Although most of them die after reproduction 
some are a>le to return to the sea and reproduce another yearC Fhe female of the plaice, a flounderDliMe 
fish, continually gro8s and sho8s no sign of aging 8hile the male ages and diesC Fhese examples 
suggest that a genetic >acMground must >e rather complexC Despite these o>Eious differences in aging, 
the process of aging, at least in mammals, appears as a consistent process al>eit proceeding  at 
different ratesC 

 

Independently of the enEironmental conditions a mouse 8ill age 2P to 30 times faster than a human 
>eingC eutrition and exercise can maMe you liEe longer and attenuate certain ageDrelated diseases, >ut 
you 8ill not >e a>le to liEe as along as a rougheye rocMfish >ecause humans age according to their 
genetic planC Fhis does not imply that aging eEolEed 8ith a purpose that 8e easily could recogniBeC Also 
cancer has a strong genetic >asis >ut it did not eEolEe 8ith an apparent purposeC Fhe greatest eEidence 
in faEor of seeing aging as a genetic plan is that many genes that modulate aging haEe >een identified 
in model organisms such as yeast, a 8orm called Caenorhabditis elegans, fruit fly, and miceC In the 
)enAge data>ase U1 genes are listed for yeast, 2PP for Caenorhabditis elegans, `` for the fruit fly and 
`7 for the mouseC All these genes seem to haEe an impact on aging and therefore on longeEityC In the 
follo8ing ta>le some of the genes inEestigated in these organisms are listedC Fhe column H"ife spanJ 
refers to the difference in the mean life span of mutants in comparison to 8ildDtype indiEidualsC 
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Species Mutation )ene description "ife span 

=C elegans ageD1 human X?3@g homologue UPh increase 

 dafD2 human insulinDreceptor homologue 100h increase 

 speD10 unMno8n `0h increase 

 speD2U unMno8n UPh increase 

 oldD1 putatiEe receptor tyrosine Minase UPh increase 

 ctlD1 cytosolic catalase 2Ph decrease 

 meED1 cytochrome > su>unit of succinate dehydrogenase 37h decrease 

fruit fly mth putatiEe )DproteinDcoupled receptor 3Ph increase 

mouse prop1 prophet of pit1 `bh increase 

 pit1 pituitaryDspecific transcription factor 1 `bh increase 

 ghr gro8th hormone receptor 3ah increase 

 ghrhr gro8th hormone releasing hormone receptor 23h increase 

 plau plasminogen actiEator, uroMinase 20h increase 

 shc1 src homology 2 domainDcontaining transforming 
protein =1 30h increase 

 

In humans the =ocMayne syndrome type I seemingly leads to premature aging due to a recessiEe 
mutation in the iZ==a ?excision repair crossDcomplementing rodent repair deficiency, 
complementation group a@ geneC Fhe [utchinsonD)ilfordjs progeroid syndrome is characteriBed >y 
features resem>ling accelerated aging and caused >y a dominant mutation in the "MeA ?lamin A\=@ 
geneC In Lerner syndrome, caused >y mutations in the LeZ gene, the ageDrelated changes of patients 
are remarMa>ly similar to normal aging, only they occur at earlier agesC /urther, apolipoprotein i has 
>een implicated in human agingC Fhe Eariant e2 seems to >e associated 8ith longeEity, 8hereas the 
Eariant e` is associated 8ith early onset AltBheimerks diseaseC Besides the genes already mentioned, 
there are 1P other genes, among them interferon gamma, insulin receptor and tyrosin hydroxylase, 
8hich are significantly associated 8ith aging in humansC 

Lith the aEaila>ility of the dog genome sefuence it is no8 possi>le to directly identify all the genes, that 
haEe >een implicated in the aging process in model organisms or humans, in the dog as 8ellC /or 
instance, iZ==a is located on canine chromosome 2 coEering the region P0k3Uak7Pb >p to P0k`23kaaU 
>p, "MeA on canine chromosome 7 coEering the region ``kU73kU37 >p to ``kUb1k1`3 >p, and LeZ 
possi>ly on canine chromosome 1U coEering the region 3Uk120k`2U >p to 3Uk2P7kU33 >pC In the future 
this Mno8ledge could >e useful to elucidate the genetic >acMground of longeEity in the Bernese 
Mountain DogC But 8ould the Mno8ledge of a single mutation in a gene modifying longeEity allo8 us to 
>etter the present situation >y >reedingc 

Fhe fact that 8ildDderiEed mouse strains taMe longer to reach sexual maturity and liEe significantly 
longer than common la>oratory strains suggests that longeEity indeed can >e altered >y >reedingC It is 
conceiEa>le that in the Bernese Mountain Dog 8e unMno8ingly selected for gene constellations 
unfaEora>le for longeEityC But if 8e can push longeEity in one direction >y >reeding 8e should >e a>le to 
reEerse the processC 

In order to increase the longeEity 8e first haEe to Mno8 a>out the factors modifying life expectancy in 
the Bernese Mountain DogC As in different species seEeral hundred genes haEe >een implicated in 
aging and, >y extension in longeEity, 8e haEe to assume that longeEity in the Bernese Mountain dog is 
a rather complex trait tooC =omplex traits haEe in common that they include a genetic and an 
enEironmental componentC Fhe genetic part can >e purely polygenic, >ut often one or more maKor 
genes can >e identifiedC A maKor gene explains a large part of a phenotype >ut not the 8hole 
phenotypeC In order to determine the nature of a complex trait a series of analyses is necessaryC 
Qariance component analyses 8ill sho8 8hether enEironmental factors play a maKor role in the 
longeEity pro>lemC Lhen including the relationships >et8een the animals in the analyses, herita>ilities, 
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maternal effects and genetic correlations can >e estimatedC /urther, segregation analyses 8ill reEeal 
the nature of the genetic component if presentC If a maKor gene can explain a su>stantial part of the 
Eariation in longeEity 8e can go >acM to our list of genes inEolEed in aging and try to narro8 do8n that 
list in order to inEestigate one or a fe8 such candidate genesC If a polygenic inheritance is most liMely 
then the >est 8ay to tacMle the pro>lem 8ould >e to estimate >reeding Ealues for longeEityC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yp to here 8e haEe discussed possi>le factors influencing longeEity and analyses a>le to reEeal such 
factorsC Snce 8e Mno8 the factors 8e can deEelop strategies to improEe longeEity in the Bernese 
Mountain DogC But >efore 8e enter this discussion 8e first haEe to thinM a>out the data needed to 
perform the analysesC Do 8e haEe the data necessary at hand or could the data >e generated in a 
reasona>le 8ayc Fhis is not a straightfor8ard tasM as causes and effects of aging are not easily 
separatedC /or instance, the occurrence of hereditary diseases can interfere 8ith longeEityC Does, for 
example, malignant histiocytosis play a maKor role in decreasing the aEerage longeEity or 8ould the 
dogs die any8ay >ecause of an altered genetic plan for agingc Fhe pro>lem >oils do8n to the fuestion 
of 8hat information should enter the analyses to ensure meaningful resultsC Fhe follo8ing list does not 
claim to >e complete >ut it sho8s the >asic information neededC 

! Identity of indiEiduals 
! Xedigree 
! Date of >irth 
! Sex 
! "itter siBe 
! Date of death 
! =ause of death 
! gennel 

 

/or dogs registered 8ith a Mennel clu> information on identity, sex, date of >irth and Mennel is readily 
aEaila>leC Also pedigree information poses no pro>lem as the ancestry generally is 8ell documented, 
often reaching >acM to the >eginning of the >reedC Fhese data can >e easily retrieEed if stored in a 
computer data>aseC 

Fhe litter siBe usually reported is the num>er of liEe registered puppiesC But the true litter siBe often is 
larger as reported in the stud>ooM, >ecause there are puppies either still>orn or destroyed right after 
>irth that do not appear in the stud>ooMC Fhis missing information usually can >e o>tained from the 
gennel =lu> >ut often is incompleteC =onsider a trait that is either present or a>sent at >irth and the 
follo8ing pedigreeG 
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"ooMing at this pedigree you immediately 8ould suspect an lDchromosomal mode of inheritance of the 
trait as only the t8o male offspring are affectedC Any decent computer program 8ould come to the same 
conclusionC But no8 you learn that there 8ere another three still>orn puppies in this litterC Fhe still>orn 
female 8as affected >ut the t8o still>orn males 8ere not affectedC 

 

 

 

 

 

eo8 you certainly 8ould dismiss an lDchromosomal mode of inheritance in faEor of an autosomal 
recessiEe mode of inheritanceC iEen if the phenotypes of the three still>orn puppies 8ere not Mno8n 
they 8ould allo8 for an autosomal recessiEe modelC In a segregation analysis not only monogenic 
models >ut also more complex models including a polygenic component are testedC Fherefore it is 
important to haEe the true litter siBe 8heneEer possi>le in order to come up 8ith the correct modelC 

Fhe date of death is not aEaila>le for most dogs, >ut a prerefuisite if 8e 8ant to find out a>out 
longeEityC Fhe same holds true for the causes of deathC In most instances they simply are not aEaila>leC 
But if 8e 8ant to find out a>out the genetic >acMground of longeEity 8e need to haEe >oth, the date of 
death and the cause of deathC Fhese data are not easy to generate in the field as the maKority of dogs 
of a >reed >elong to the nonD>reeding part of a giEen populationC Fhese dogs usually are Mept as family 
or 8orMing dogs and their o8ners most often taMe not part in the actiEities of the Mennel clu>C Fherefore 
these o8ners cannot easily >e enrolled in collecting data on a genetic disease eEen if it >enefits their 
>reedC Lith respect to longeEity the real pro>lem is that an o8ner should remem>er to report the date 
and cause of death at a time of mourning for a dear companionC 

Fhe cause of death rarely is esta>lished and only in context 8ith accidents or a diseaseC Fhe cause of 
death most often is >ased on the o8nerks opinion or a clinical diagnosisC Diagnoses >ased on necropsy 
findings Eirtually are not aEaila>le as they cost additional money and often o8ners do not 8ant to 
su>mit their dogs for a necropsy, especially in the case 8here the o>Eious reason for death 8as old 
ageC But it is essential to Mno8 a>out the causes of death in order to find out 8hether 8e haEe a 
longeEity pro>lem or notC It is conceiEa>le that >y remoEing some of the causes of death the normal 
longeEity could >e restoredC But it is also possi>le that some causes of death merely coincide 8ith the 
natural time of death meaning that the genetic plan of dying indeed has >een alteredC 

As 8e >elieEe longeEity to haEe a genetic >asis, enEironmental factors should not play a crucial roleC 
But as 8e do not Mno8 this for a fact it is 8orth8hile to eEaluate possi>le enEironmental factorsC /or 
instance longeEity could differ among different geographic regions 8hich can >e defined >y the location 
of the different MennelsC Sr may>e dogs die more often in 8inter than in summer, 8hich 8ould >e a 
seasonal effect defined >y the dates of deathC 

Based on the prior Mno8ledge on longeEity it is safe to assume that 8e deal 8ith a strong polygenic 
component 8hich includes enEironmental factors and possi>ly one or more maKor genesC )etting a 
handle on such maKor genes eEen today 8ith the aEaila>ility of DeA microarray technology is a 
challenge and inEolEes considera>le time and moneyC Should the hypothesis of a strong polygenic 
component hold true the estimation of >reeding Ealues as >asis for selection promises a faster and 
more costDefficient 8ay to deal 8ith the longeEity pro>lemC It could >e argued that >y selecting for 
longeEity 8e indirectly select against diseases 8hich are leading to premature deathC So all 8e 8ould 
need 8ould >e the date of >irth and the date of death to address the pro>lemC But 8e haEe to Meep in 
mind that the trait longeEity could >e correlated 8ith other traits important in Bernese Mountain dogsC 
Fherefore 8e cannot simply looM at longeEity >ut 8e haEe to monitor all the other traits as 8ell in order 
to aEoid improEing longeEity at other important traitsk expenseC 

In conclusion, >ased on the Mno8ledge on longeEity in other species, it should >e possi>le to increase 
longeEity in dogs >y >reeding, proEided the data necessary for the analyses is aEaila>le or can >e 
generatedC 

Fhe statements on longeEity in model organisms and humans are >ased on 
httpG\\888CsenescenceCinfom Xartridge " and )ems D, 2002, eature ZeEie8s )enetics 3, 1UPD17Pm 
/inMel F and [ol>rooM en, 2000, eature `0a, 23bD2`7C 
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