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«Hu4uT0o B OMOJIOTMM HEe MMeeT CMBICJIA
KpOMe KAaK B CBeTe IBOJIOIUN

Dobzhansky T.
Nothing in biology makes sense
except in the light of evolution.

American Biology Teacher,
1973, v. 35, 125-129.
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OCHOBHBIE IPUHIUIIBI IBOJIINMOHHON METHIMHBI

1) IBOJNIONMOHUPOBAHUE MMATOICHHbIX
MHUKPOOPraHU3MOB

2) IBOJMIONMOHHAA MHTEPIPETALUS
3alIMTHBIX MEXaHU3MOB

3) HecooTrBeTCcTBHE HOBOIl BHEILIIHEH Cpeabl
MPOIILJION IBOJJIOIIMOHHOU Cpe/ae

4) IBOJMIONMOHHBbIE OrPAHAYCHUS]

5) IBOJIHUOHHBbIE KOMIIPOMHUCCHI
(Tpernxopni) 6



Ilpumepsnl:

1) IBoIOIIMSA MATOTeHHBIX MUKPOOPIraHU3MOB

a) IBOJIOIUOHHOE MPUCIIOCODIeHE K

AHTHOMOTHKAM
S \1 0) IBOJOIUOHHOE
00bSICHEeHHE
(,« .
/‘ BUPYJIEHTHOCTH:
BEKTOPHbIE
SELECTION FACTORS SELECTION FACTORS I/IH(l)eKHI/II/[ 60ﬂee
FAVORING HIGHER FAVORING LOWER
VIRULENCE VIRULENCE BﬂpyﬂeHTHbI
Intermediary disease vectors Casual human-to-human transmissior
(Mosquitoes, health care workers’ (Sneezing, coughing, touch)
hands, unsanitary water supplies) Protected and/or monogamous sex

Unprotected and/or promiscuous sex 7



2) DBOJIOINHUOHHAS HHTEPIPETALUS
3alIUTHBIX MEXaHU3MOB

boJib, IuxXopaaka, Kamejb, YUXaHHUE, THAPPes
MOI'YT OBITH C IBOJIOIMOHHOU TOYKH 3PEHUA He
HPOSABJICHUAMHU 00JIC3HU, 2 3AIUTHBIMH
MEeXaHU3MaMMU.

OaQHAaKO 3TH 3alUTHbIE MEXaHU3MbI MOI'YT OBITH
HCII0JIb30BAHBI MATOr¢HHBIMHU OPraHU3MaMU J1JIsl
cBOero pacrnpocrpanenus. [ipumep - xoJsiepa (B
OTJIMYHE, HAIPUMEP, 0T MIUTeJJ10-0alHLJISIPHOH
JTN3EHTEPUH).



3) HecoorBeTCTBHE HOBOM BHEIIIHEH CPeabl
MPOIILJION IBOJJIOIIMOHHOU Cpeae

IIpyMepsbI: NUIIA ¢ 00JbIIUM COAEPKAHUEM KUPA,

Prevalence of diabetes FI/IHOHI/IHaMI/Iﬂ

-
s Gy
-~

=

The top 10 countries,
in numbers of people
with diabetes, are:

India
China ‘ 2000 = number of people with diabetes in 2000
USA 2030 = number of people with diabetes in 2030
Indonesia
Japan Source: Wild et al 2004
Pakistan -
Russia _Year 2000 2030
Brazil Ranking Country People with diabetes (miliions)
Italy 1 India { 21.7 79.4
Bangladesh 2 China \ 20.8 42.3

3 United States of America 77 30.3

J o

http://Www.who.int/diabetes/actionnow/en/mapdial%prev.pdf



4) JBOJIOIMOHHBIE OrPAHUYCHUSA

Ilpumepsl:

a) PonoBbie 0011

0) I1a3 Yes10BeKka HeCOBEPIIEHEH, [0 CPABHEHUIO,
HAIIPpUMEP, ¢ IJIa30M KaJbMapa, MOCKOJbKY Ha

CCTUHATKE €CThH CJICIIOC IIATHO

Constraints
Example: The design of the human eye leads
to a blind spot and allows for detached retinas.

The squid eye is free of such problems.

\
A \

L8

SQUID RETINA HUMAN RETINA

1v



S) DBOJMIOIMOHHbIE KOMIIPOMHUCCHI (Tpera0(PbI)

IIpyuMepkbI: a) CePNOBHAHO-KJIETOYHAA aHEeMHUSsI

0) crapeHue (pennpoaAyYKIHUS Vs penapanys)
YpasHenne 1 ommeproa (1825) — Menkxsama (1860)

w(t)=Ae’" +C

(cTapeHue yckopsieTcsa ¢ BO3pacTom)

1.0 | BEBOﬂTHOCTb A OXKUTUA

0.8

0.6

04

0.2

BospacTHaa cMepTHOCTL

0.0

0 10 20 30 40 50 60 70 80 90 100 110
Bospacrt



[Moyemy cTapeHue yckopsieTcsi C BO3pacToM?

\| &

12 z—
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BBIBOJI: ¢ BO3pAaCTHBIM YBEIWYEHUEM U3HOCA
OpraHu3Ma dBOJIIOIIMOHHO ONTUMAJIbHBIM CTAHOBHUTCS
YMEHBIIIEHUE PACXO0B Ha penapaiuio B MOJIb3y
PENPOAYKIIMHU, YTO IIPUBOJIUT K €I1e 00Jiee OBICTPOMY
M3HOCY, KOTOPBIM BJI€UET JajbHEUIIee COKPAIICHUE
pacxo/ioB Ha penapaiuio u T.1.

Tepexun A.T.

7
Ry = /u(t)l(t) dt
0

d
d_tl: —u(t)l(1) [{0) =1

w(t) = a+plt) + qlt)

dg d

dr w(t) 90)=

u(t) + v(t) + w(t) = 1

IloueMmy cTapeHHe OpraHm3Ma YCKOPSIeTCSI ¢ BO3PAcTOM — 3BOJIOIHUOHHO-ONTHMU3AIMOHHASA

Mojaeab. Mumennexmyanvuvie cucmemst, 1997, T. 2, Boin. 1-4.

Teriokhin A.T. Evolutionarily optimal age schedule of repair: Computer modeling of energy

allocation between current and future survival and reproduction.

Evolutionary Ecology, 1998, v. 12, 291-307.
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IIpuMep: BoO3pacTHOE OCjIa0/IeHUue MaMATH

«# pymaro, 4TO cenyac s1 bornee ycneLHo
paboTaro B Hayke, YeM Koraa Obin monoa.
B HayKke o4yeHb BaxXHa NpPOHULATENbLHOCTb

(jJudgement), a s Tenepb ny4ywe NOHUMalo,

Kakue npoobnemMmbl BaXHbl, a KAKMe — HeT.»

Ipuk KaHoen,

naypeam Hob6enesckoll npemuu

no meoduuyuHe 2000 2.

/7 niem
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YMeHbIIIeHUE YUCJIA ATTPAKTOPOB NPHU CTAPEHUU CETH

(110 pe3yabTaTaM KOMIILIOTEPHOI0 MOJAEJMPOBAHUS)
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JHEPrHA COCTORHMA

KOrHUTUBHBIN 3PP EKT BO3PACTHOIO CIUIAKUBAHUS
(bVHKIIMY DHEPIUH CETH

\ Marepuainsl koHpepeHiuu "TpeTuit Bo3pact:
cTapliiee MOoKOJICHUE B COBPEMEHHOU
nHpopmanmonHoii cpexe, Mocksa, CI'A, 30 suBapst
2008 r.

Tepexun A.T., bynunosa E.B, Kaganosa JI.M.
KornutuBHbIE TPENMYIIIECTBA TPETHETO BO3PACTA.

Moxtnsre

KoHeurnoe HavansHoe
COCTONHMKE COCTOAHMWE



Y10 MAKCUMHU3HUPYET
IBOJIOIUOHHBIN 0TO0P?

Bbl:kuBarine BUI0B

BoIokuBaHue 1reHOB 1 MEMOB
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Survival (Q)

BO unur ?

R,, eciiu feficTBHE 0TOOpPa He 3aBHCHT OT BO3pacTa
I, eCJId JeiiCTBUEe 0TOOPA 3aBUCHUT OT BO3PacCTa

Anatoly T. Teriokhin and Elena V. Budilova
The impact of different density stresses on the dynamics of

two competitive populations

Ecological Modelling, Volume 212, Issues 1-2, 24 March 2008, 5-9
5] " |

| OnTuManbpHas
3aBUCHUMOCTbD
IPOJOJKUTEIBHOCTH
>KU3HU OT MUIIHU U

| 0€30IaCHOCTH CPEJIbI

IIpU pa3HOM BBIOOpE

> KpUTEPHUS
25 30 05 10 15 20 25 3.0

Resource supply (0) " DBOJIFOLIMOHHON
Hautekeete N.-C., Van Dijk H., Piquot Y., Teriokhin A. 0€30I1aCHOCTH
Evolutionary optimisation of life-history traits in the sea beet

Beta vulgaris ssp. maritima: a confrontation of modelling and data.
2008, Acta Oecologica, submitted. 17
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MoxeT nu HabnwgaeMbin rNobanbHbLIU NAaTTEePH CBA3U
XXM3HEHHOro LMKIia yesioBeka ¢ obecne4yeHHOCThLHO
NUTaHUEM N arpecCcUBHOCTLIO cpeabl ObITb 00O bLACHEH
3BONOLUOHHON ONTUMM3ALIMEUN pacnpeneneHuss SHeprum
MexAay POCTOM U Pa3sMHOXEHUeM?

A.T. Teriokhin, F. Thomas, £.V.Budilova and J.F. Guégan

The impact of environmental factors on human
life-history evolution: an optimization
modelling and data analysis study

Evolutionary Ecology Research, 2003, 5: 1199-1221

E: =a X‘b_ | - KOA(POUIUEHT a UHTEPIPETUPYETCA KaK 00E€CIIEYCHHOCTh MUTAHUEM

ut ’ Vt ’ Wt — AO0JIM S9HCPI'UHU, HAITPABJIAAICMBIC HA PCIIPOAYKIONIO, BBIZKUBAHUC U POCT

(vE) (K03 HUITMEHT M UHTEPIIPETUPYETCS KaK CPeaoBast
=i

CMEPTHOCTb, V, — JIOJISI SHEPTHH, HAlpaBisieMast Ha
BBKMBAHUE ) 18

P, = exp(— m) : (\-‘,E,)d



Cpep.oaan KOMNOHEeHTa CMepPTHOCTH

Bec Tena npu poXxaeHuu
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Bo3pacT penpoAyKTUBHON 3PenoCcTu
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MoyeMy XeHLWUHbLI, N0 CPaBHEHI C MY>XYUMHAMU, UMET MEeHbLLUYIO Maccy
Tena, bonee paHHMU BO3pacT penpoayKTUBHOU 3PefiocTu, oonbLIyIo
NPoAOTIKUTENbLHOCTb XXU3HU U OrpaHUYeHHbLIN penpPoaAVKTUBHLIN nepuoa?

ZKeHIMHbI
ONTHMansHaA CTpaTera penapaumm

roayooi —10-25%
cepblii — 25-45%
cunuii — 45-100%

ONTUMaNEHAA CTPATEMMA PENPOAYKLMN

, ESSEINNE

hacca
— HakonneHHas penponyKTUBHAS 3HEPrua —

0-10% na penapanuro

poct (0)

roav0oil — HaKoMJIeHue penp. 3Heprun (1)

IM=HoC

cepblii — ocBOOOKAEeHUE (2)

cuHuil - MeHomnay3a (3)

Teriokhin A.T., Budilova E.V.
E My KYHHBI Evolutionarily optimal networks for controlling energy

allocation to growth, reproduction and repair in men and
OnTrManskan CTPaTErvA DENEPELM  women.
Artificial Neural Networks. Application to Ecology and Evolution
(ed. by S. Lek and J.F. Guegan). Berlin: Springer Verlag, 2000,
| 225-237.

ONTUMAEHOR CTROTEC UA PNDOMLIA Teriokhin A.T., Budilova E.V., Thomas F., Guegan J.F.
Worldwide Variation in Life-Span Sexual Dimorphism and
Sex-Specific Environmental Mortalify Rates.
Human Biology, August 2004, v. 76, no. 4, 623-641

IlzHOC

Macca



NMoyemy XeHLWUHbI, N0 CPAaBHEHIO C MY>XYUMHAMU, UMEIOT MEeHbLUYIO Maccy
Tena, bonee paHHMU BO3pacT penpoayKTUBHOU 3PefiocTu, oonbLIyIo
NPoAOTIKUTENbLHOCTb XXU3HU U OrpaHUYeHHbLIN penpPoaAVKTUBHLIN nepuoa?

KeHIIMHBI MyKUNHBI
[lMHamuka pocTa [uHamuka pocra
80 80
BozpacT apenocTmi1g Macca apenocTu: 57
0 / BospacT apenoctr; 14 Macca apenocTu: 41 0
HHHHMHKH cTapeHust A NuHamuka CTapeHus
4 .
MpoA0MKMTEABHOCTE XM3HK: B35 MpoA0AKNTEABHOCTE XM3HA 61
0 0
50 [MHaMWKa penpoayKTUBHOrO HAKOMAEHUS JvHamuka penpoaykTUBHOr0 HaKoMneHus
50
Yucno noToMKoe: 3
BoapacT MeHanayab:49 HeT penpoayk TMEHOM O HAaKONAEHWA
0
Pacxoab Ha penapaumio Pacxonbl Ha penapauwio
1 1
0 0
3 Crparernsa penpoaykLmm 3 Crtparerna penpoayKkumu
2 2
1 A h 1
0 0 0
Bospact 120 0 BoapacT 120



BHELUHAA CPEOA

Artificial N e T i S
. . [y : E
Neuronal Networks , |
o SHEPTUA b, 36 §
)
il HakonneHHaA NennOAYKTMBHAA JHENMMA Ii
| ruweens | | Penpodykuna |
a e
(= Fst
& YMPABIAKLILAA 15
HEWPOSHEOKPMHHAR |
A

Teriokhin A.T., Budilova E.V. Evolutionarily
optimal networks for controlling energy
allocation to growth, reproduction and repair
in men and women. Artificial Neural Networks.
Application to Ecology and Evolution (ed. by S.
Lek and J.F. Guegan). Berlin: Springer Verlag,
2000, 225-237. 73




VCIIEXH PH3HONTOI'MYECKHX HAVK
Ton 26 MNe 4 1905

YAK 612.8
A T TEPEXVH, E. B. BYIHIIOBA

CETEBBIE MEXAHH3MBI ®H3HOJOTHYECKOI PET VIIAL[HI

Bronmorugeckuit daxymeter MIY um M. B. JlomoHocoEa

Haemez 0b30p OCHOSHX Udell 1t ROHAMUL HOEOZ0 MEMOJOROZNLECKOZ0 ROOXQAA K

QRUCAHIR U ROHUMAHI PeSYAMOPHL X BPOYLCC08 € QPEAHUIME — MAK HAIblEQACMOa0
KORHCKYUOQHUCMCOKOZ0, UNH CeMesnso, nodxoda. Paccuampuea;om CRA Ccemedole

MOOEny HePEHOU, UMMYHHOU, 3HOOKPUHHON U ZOHHOU Pesynayuy, e60dumcs

npedc masnerie 0b pIARIMe Kax O yenocmuoli cemeeoti cucmene. Ipednazuemes
HOGRE RNOJX0D X PeSyRAyUNL  COCMOSHUA OPSQHUIMGA, — HAIGAHHBIEL QeMOpaii

ACCOYUAMUSHBIA YRDAEREHUSM, 1 OOCYMCOUIOMCR 820 BOIMONCHILE MPUMEHEHUR ONA
KOPPEKYUL COCMORHLUR OPIAHUIMA.
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3aKkJII0UeHHU e

HU3yuyeHue IBOJTIOIUOHHO-
IKOJIOIrHUYECKUX ACNEKTOB CBA3H
MEKAY OKPY/KAIOIIEH CPeaoH U
30POBbEM I103BOJIAET IU1Y0Ke MOHATH
MEXAHM3M ITOH CBA3H M HA 3TOU
OCHOBE BbIpadoTarhb 0oJ1ee
3P PeKTUBHBbIC CTPATErUU
VIAYYIIEHUS 310POBbSI

25



First, some discomforting conditions, such as pain, fever, cough, vomiting
and anxiety, are actually neither diseases nor design defects but rather are
evolved defenses.

Second, conflicts with other organisms— Escherichia coli or crocodiles, for
instance—are a fact of life.

Third, some circumstances, such as the ready availability of dietary fats, are so
recent that natural selection has not yet had a chance to deal with them.

Fourth, the body may fall victim to tradeofts between a trait’s benefits and its
costs; a textbook example is the sickle cell gene, which also protects against

malaria.

Fifth, the process of natural selection is constrained in ways that leave us with

suboptimal design features, as in the case of the mammalian eye.
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Why hasn't natural selection eliminated a
particular disease?

Why do our bodies have certain flaws of
engineering that make us susceptible to
particular medical complications?

Might certain modern diseases and ailments be
the result of a mismatch between our biological
heritage and our modern-day lifestyles?

Are characteristic physiological responses to
disease in fact adaptive defenses that have
developed over evolutionary time? *’



Principles of natural selection generally applicable to
understanding human biology in health and disease.

| )Natural selection cannot build perfect designs because it compromises
between different adaptations — bipedal walking vs. large brain size.

2) Will maintain a disease gene if it confers an advantage in a particular
environment — sickle cell disease, alpha- & beta-thalassemia, Hb E
syndrome, G6PD deficiency, Tay-sachs, cystic fibrosis.

3) Has shaped many human genes to ancient lifestyles (i.e.a
hunter-gathering versus modern life-way) explaining chronic diseases like
obesity, and type |l diabetes.

4) Favors genes maximizing reproduction even if they compromise
health (PKU, hemochromatosis, fragile X syndrome etc.) or longevity
(Alzheimer's, atherosclerosis, prostate hyperplasia)

5) Explains the "arms race" between pathogens and us.We have evolved
defenses both natural — fever, diarrhea, vomiting, inflammation — and
manufactured — antibiotics. Pathogens evolve counterstrategies like
antibiotic resistance, and manipulation of our defenseg$or their spread.



