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Figure 12.1: Photograph 
showing Jeanne Calment 
of Arles in France on her 
122nd birthday.  She died 
a few months later, on 4 
August 1997, being the 
oldest human on record.	




Figure 12.3a: Survival curves for human females in the U.S., based on census 
data from 1900, 1960, and 1980.  In each census, the females who had survived 
at least 1 year, at least two years, etc. were recorded.  The vertical lines indicate 

the age to which 50% of the population had survived in each census.  	




(a) Survival curves for human females in the U.S., based on census data 
from 1900, 1960, and 1980. ���
���
(b) Retention (“survival”) curve for a cohort of test tubes, which disappear 
due to theft, misplacement, accidental breakage, and other causes unrelated 
to the tubes’ age.	


Figure 12.3: Survival of living organisms versus inanimate objects.	




	
number of individuals who die while they are t years old���
m(t) =  ---------------------------------------------------------------------���

	
number of individuals alive at the beginning of year t	


The mortality rate or force of mortality, m(t),  
represents the likelihood for an individual to die 

during year t of his/her life.	




Figure 12.4: Mortality rate 
of humans versus loss rate of 
test tubes. ���
���
(a) Mortality rate of humans 
based on U.S. census data 
1959-1961. Between 30 and 
85 years of age, mortality 
increased nearly exponentially, 
resulting in a straight line in 
this semi-logarithmic plot.  
The slope of this line, known 
as the Gompertz coefficient, is 
a measure of senescence. ���
���
(b) The rate of loss (“mortality 
rate”) among the test tubes is 
constant over time.	
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Figure 12.5: Few oldsters.  Survival curves for a bird (English lapwing) and for a 
human population in a developing country.  Individuals in the 2nd half of the 
maximum life span (shaded areas) constitute only small fractions of the entire 

populations.  Selection against alleles reducing fitness late in life is therefore weak. 	




Figure 12.6:  Late-
reproducing Drosophila flies 

live longer than early-
reproducing ones.  ���

���
In this experiment, two lines 
from an outbred (genetically 

heterogeneous) wild-type 
population were propagated 
using only eggs from older 

females.  Two other lines were 
propagated using only eggs 
from young females.  After 

just a few generations of 
breeding, the late reproducing 
lines showed a much longer 

average life span.	
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Figure S12.c: Antagonistic 
pleiotropy between 
longevity and 
fecundity in Drosophila 
melanogaster females.!

 !
(a)  egg-laying females.  

Mortality during second 
half of life is significantly 
higher for females from 
an early reproducing 
strain, which lay many 
eggs early in life.!

  !
(b) After addition of ovoD1, 

which blocks oogenesis 
at an early stage, coming 
from an early versus late 
reproducing strain has no 
effect on mortality. !
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Figure 12.2: The Germ Line Concept 

The germ line is a continuous network of cells that are capable of forming eggs 
or sperm.  Germ line cells are potentially immortal, connecting individuals of 
successive generations in an uninterrupted chain.  The other cells – collectively 
called soma - will die, having served as temporary caretakers of the germ line. 	




Figure S12.d: Dependence 
of mortality rate on 

predation in two opossum  
populations (Didelphis 

virginiana). ���
���

 One population lives on the 
mainland, where it is 

decimated by birds of prey 
and by mammalian predators. 
The other population lives on 
an island, which is too small 

to support a predator 
population.  On the island, the 
life span is longer (a), and the 
mortality rate is lower (b), in 
accord with the disposable 

soma hypothesis.  In part (b), 
the squares on the ordinate 

should be read as minus signs.	
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Figure 12.8: Reactive intermediates.  During oxidative phosphorylation, 
oxygen is reduced to water by the stepwise addition of electrons and 
hydrogen ions.  Highly reactive oxidants generated as intermediates 

include superoxide radical [• O2
-], hydrogen peroxide [H2O2], and hydroxyl 

radical [•OH].  In eukaryotic cells, several enzymes convert these oxidants into 
less harmful molecules.	




Figure 12.7: Oxidative damage as a proximate cause of senescence.  
Carbonyl (C=O) content of protein from [] human dermal fibroblasts in 

culture, [] human eye lens, [☐] human brain at autopsy, [u] rat liver, and [²] 
whole fly.  In each type of cell or tissue, the carbonyl content increases with age.	




Figure 12.9: Antioxidants reduce protein damage.  Daily injections of 
old gerbils with the antioxidant PBN (N-tert-butyl-alpha-phenyl-nitrone) 

reduced the carbonyl (C=O) content of their brain proteins to the level 
found in untreated young gerbils.	




Figure 12.10: Antioxidants are good for old gerbils.  Effects of age and PBN 
(antioxidant) injections on the number of error made by gerbils in a maze. PBN 

reduced the number of errors made by old gerbils but did not help young gerbils.  	
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Figure S12. e: 
Cellular senescence. ���
���
Mammalian cells in 
culture proliferate up to a 
point.  Normal cells then 
slow down and 
eventually stop dividing.  
This “cellular 
senescence” cannot be 
overcome by adding 
growth factors or other 
components to the 
culture medium. Only 
germ line cells, stem 
cells, and cells that are 
“immortalized” by 
mutation or transgene 
expression keep on 
dividing.	




Figure S12.f: Telomeres in mammalian chromosomes.  Nuclei from mitotic 
cells were broken to release condensed chromosomes (blue ribbons). Telomeres 
(arrows) were made visible by in situ hybridization with a labeled probe binding 

specifically to the telomere repeat sequence (GGGTTA in humans).	




Figure 12.11: Telomerase.  After replication of linear DNA, the 3’ end of each parental 
strand is left with an overhang.  It interacts with telomerase, a reverse transcriptase (TERT) 
with an RNA component (TERC) complementary to the repeat unit of telomeric DNA.  The 
complex extends the 3‘ overhang repeatedly until DNA replication enzymes can utilize it. 	




Update 12.1	


Telomerase-deficient mice with an inducible 
transgene for TERT show inducer-dependent 
resumption of cell proliferation and reversal of 
organismic senescence (Jaskelioff, 2011).  
Thus, the age-dependent decrease of telomerase 
gene expression may be a proximate cause of 
senescence while also being a protection 
against cancer. 	




Senescence	

•  What is “Senescence” as Opposed to Aging?	

•  Bad Explanations of Senescence	

•  Mutation Accumulation Hypothesis of Senescence	

•  Genes with Antagonistic Pleiotropy	

•  Disposable Soma Hypothesis	

•  Oxidative Damage and Organismic Senescence	

•  Cellular Senescence and Loss of Telomerase 

Activity	



