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Onugepmuc yenoseka: 0,1-1 mm
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Ko)xHble nokpoenbl:

3. OtgenstoT opraHmnM3m oT 0pr>|<arou.|,e|7| cpenbl

Hanunuune I'IOKpOBOB/OGO.I'IO‘-IKI/I — Heobxogmmoe ycroBue CcyLlectBoBaHUA XN3HN.

Ob6oroyka He morbKO 3awuuwiaem opa2aHu3M, oHa oefiaem 803MOXHbIM obpa3oeaHue spadueHma
3HmMponuu (sHepauu) u, criedoeamersibHO, orpedersisiem camy 803MOXHOCMb 0bpa3oeaHusi
KakoU-6bl mo HU 6b1710 KOMIMIEKCHOU CMpPyKmMypabl.

SBOJHOI_[I/IH KU3HHU HA 3CMIJIC ABJISACTCA 360]”0”1/[81/7 NOKpoe06
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“Nothing in biology makes sense except in the light of evolution®

Mammalian skin and its appendages are made of soft or fragile tissues and therefore
paleontological data on the changes in skin structure during the course of mammalian
evolution are largely missing (with rare exceptions, e.g., Rompler, 2006). Importantly, the skin
bears key evolutionary features or “hallmarks” of mammals — hairs and mammary glands.
Therefore, inability to track development of these two skin structures back into evolutionary
history severely impedes our understanding of mammalian evolution in general and hence, of
our own mammalian lineage.

The cladistics of extinct mammalian species and therefore the current views on the origin of
modern mammals are mostly based on dentition records - just one of the basic features
(together with hairs and mammary glands) of class Mammalia . The use of only one feature
for creation of the mammalian evolutionary tree certainly limits the validity of existing cladistics
models.



=
——

Stage 2 Stage 3 Stage 4 Stage 5

IBonouUns xenes, Bktovas MOJIO4HYIO:
-3HauuTenbHbIE OTANYUS B CTPYKTYPE N pyHKUMSX BHYTPM Knacca Mammalia
-MpucyTtcTBNe B Monoke cneundmnyecknx d6enkos

-PacnonoxeHune xenes n nx NpoToKOB B KOCTHOW TKaHU

SOBOMOLMSA KOXN YeroBeka:
Nina G. Jablonski
Distinguished Professor of Anthropology
at The Pennsylvania State University




Molecular evolution of the keratin associated protein gene family in

mammals, role in the evolution of mammalian hair
Dong-Dong Wul-3, David M Irwin%> and Ya-Ping Zhang*1.2

Comparative studies have concluded that hair presents
similar structure and modality of growth throughout
mammals [17-19]. For example, the overall ultrastructure

of hair and the distribution of keratins in monotremes are
similar to that of marsupial and placental mammals [18],

and the localization of acidic and basic keratins in marsupial
hairs is similar to that in placentals [19]. However,

most studies have focused on keratins rather than the keratin
associated proteins.

Lorenco Alibardi, Universita di Bologna

18.

19.

BMC Evolutionary Bidogy 2008, 8:241

Alibardi L. Fine structure and immunocytochemistry of
monotreme hairs, with emphasis on the inner root sheath
and trichohyalin-based cornification during hair evolution. |
Morpha 2004, 261(3):345-363.

Alibardi L: Fine structure of marsupial hairs, with emphasis on
trichohyalin and the structure of the inner root sheath. | Mor
phol 2004, 261(3):390-402.

Alibardi L: Comparative aspects of the inner root sheath in
adult and developing hairs of mammals in relation to the
evolution of hairs. | Anar 2004, 205(3):172-200.
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IKGKIM OOPAZOM MBI MOXEM HOSYUMTE UHBOPMALMED O
SBONFOLIMVI KOXHBIX HOKPOBOR MICKOMMTALOLX?

Fic. 2. The Harderian apparatus of mammals. The
nasolacrimal outlet into the anterior rhinarmm allows
oily Harderian secretions to be transferred from the
nostrils to the manus. Secretions are then rubbed into
the fur to aid conditioning and mamtenance of insu-
latory qualities of the pelage. The presence of this sys-
tem in early mammals, but not their immediate ances-
tors (therapsids). provides the earliest fossil evidence
for a fully developed pelage in the therapsid-mammal
lineage. Abbreviations: HG. Harderian gland; NLD.
naso-lacrimal doct; VNO. vomeronasal organ. Cour-
tesy W. J. Hillenius.

Ruben & Jones, AMER. ZOOL., 40:585-596 (2000)
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E18-PP01 — coopmunpoBaHme «nOKPOBHbLIX» BOMOC

TunoTpuxosble — Eda/Edar, Lgr4
lMokpoBHble — Noggin, Wnt



zlses =37z
o Q = QIec
= g 28 = o0
alge = 2N =R
e ) m = = Q
- w @ W o | 8_
@ =~ 0 e
31°38 N
@ Qg. w o
w 3: E
8 9
o
g o
Q
3t
i
o
o

146

166 Myr ago

Prototherian Therian
mammals mammals

Mesozoic

Jurassic

Homeothermy
Lactation

Tpuacosoe BbIMUpaHue
199,6 Ma Primitive
mammals

|

MNepmo-Tpuacosoe BbIMUpaHue

252 Ma
s
o
E :
E {Therapsl.lrl:!z
b= imammai-like
g40 reptiles)
325

360

#
\
?

Synapsids.

mj3s
C o3
~1=0
e 2
2le &
) 8.5
Ak
@ G
2
=]
=

Holoblastic cleavage
Placentation
Viviparity
Testicular descent

Amniotes

SINBSOYDIY

Sauropsids

\

Diapsids

sinesopida ‘




IepMOo-TpvaccoBoe BEIMVPAHWE ~ BEDXMBLUME
FPY/MMbL

N3meHeHua knumara:

-MapHukoBbIN adhbdekT
-MoTepsi o3oHOBOrO cnos
-Kucnble poxgun
-Bbicokuin yposeHb CO2
-Hepoctatok O2

A group of reptile-mammal tetrapods, called Lystrosaurus (AuuuHomoHThI), began to thrive. About the size of
pigs, Lystrosaurs were burrowing animals who ate plants. They had a lumbering, splayed gait and beaks that
probably allowed them to chomp on rough vegetation. Early in the Triassic, Lystrosaurs represented 90% of all
animals on the land.

Their progeny fanned out across the southern part of Pangaea, which gradually separated from the Northern half of
the supercontinent and became its own continent, packed with dinosaurs and proto-mammals. Though life never
completely died out, it took 30 million years for the planet to have a complete ecosystem again, packed with
predators and herbivores and a wide range of flora and fauna.
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Figure 1. Cynodont tree plotted onto a stratigraphic scale; rectangular bars or dots show the known observed ranges of taxa; e, early; m, middle; |, late; each taxon h [I _ 1At
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Cynodont therapsids diversified extensively after the Permo-Triassic mass extinction event, and gave rise to mammals in the Jurassic.

Disparity analyses reveal a heterogeneous distribution of cynodonts in a morphospace derived from cladistic characters. Pairwise
morphological distances are weakly correlated with phylogenetic distances. Comparisons of disparity by groups and through time are non-
significant, especially after the data are rarefied. A disparity peak occurs in the Early/Middle Triassic, after which period the mean disparity
fluctuates little. Cynognathians were characterized by high evolutionary rates and high diversity early in their history, whereas
probainognathian rates were low. Community structure may have been instrumental in imposing different rates on the two clades.
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can also see some early dinosaurs like
Dilophosaurus, Heterodontosaurus, and
Plateosaurus.

(Image from Bakker's 1986 book The Dinosaur
Heresies, p. 417)



IipyiaccoBbivi Mepyod - Summary.

- BtopunyHoe Hebo, 3ybHbIe 1 YentoCcTHble Npeobpa3oBaHUsA, XapakTepHble AN MeKonMTaoLwmnx
- [locTeneHHble N3MEHEHNS XapaKTepa JIOKOMOLUK

- Ou4eBngHo, mMArkas (He NOKpbITadA YeLyAaMn Ui poroBbiMun I'IJ'IaCTI/IHaMI/I), HO TOJICTaA KoXXa

Hukaknx o6 bEKTUBHbIX NPN3HAKOB BOJIOCAHOIO NnoKpoBa



TipyiacoBoe BeimvpaHue ((Tiriassic-Jiurassic extinction)

1996 Ma

an/I‘-II/IHbI He ACHbl — acTepoua, BYyJIKAaHU3M

THE FORGOTTEN EXTINCTIONS
The end of the Triassic period about 200 million years ago saw the disappearance of at least four major groups of giant reptiles, clearing the way for the age of the dinosaurs

.
Diapsids Lepidosaurs a®
Survivors of the Permian . (Scaly Reptiles) g

mass extinction .
~250 million years agn S

Triassic mass extinction
~200 million years ago

lhynsauls

. Plesiosaurs

"~ Snakes and lizards

Rauisuchians - "

Crocodylomorphs.

JURASSIC

—e -
Rhynchasaurs

{extinct ~225
million years aga)

BbIMI/IpaHI/Ie apxo3aBposB ocsobopguno NPOCTPaHCTBO HE TOJ1bKO OJ14 ANHO3aBPOB...

- The smallest of Cynodonts, Therocephalians, and Dicynodonts were the only therapsids that
survived the annihilation of their once grand clade.



MopraHyxoaoH

Morganucodon was a small animal. The tail was moderately
long. According to Kemp (2005) "the skull was 2-3 cm in length
and a presacral body length of about 10 cm. In general
appearance it would have looked like a shrew or mouse". There
is evidence that it had specialized glands used for grooming,
which may indicate that, like more advanced mammaliaformes,
it had fur.

These early mammals were almost certainly active at night and are thought to have lived on insects or small
vertebrates. Therefore, early mammals were very small animals with progressive structure of maxillary
apparatus. They vere active during the night, so they should develop homoiothermy in order to be active during the
night. They needed an effective thermoisolation since their body was small. Most likely, hair cover developed even
long before the development of homoiothermy and other specific mammalian features. Development of homoiothermy
occurred to be possible since they already had hair cover. This statement is also supported by the presence of well
developed and uniformly organized hair cover in all modern subgroups of mammals like marsupials, monotremata
and eutheria despite they perform dramatic anatomocal and physiological differences.
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Megaconus mammaliafiormis

165 million years ago

Reconstructions by April Isch of The University of Chicago

lighter on its belly — are among the only premammalian hair impressions ever discovered. The hair likely evolved to
keep the animals warm, which could indicate that it would otherwise lose heat quickly through a fast metabolism
typical of modern rodents.

"This is very important because the presence of hair was always postulated, but the direct evidence was never well
preserved in fossils“. "This is direct evidence, not just interpolated evidence."

To escape predators, the animal evolved a spur on the back of its heel that the researchers believe
contained poison, similar to modern platypus.

A Jurassic mammaliaform and the earliest mammalian evolutionary adaptations.
Chang-Fu Zhou, Nature. 2013 Aug 8;500(7461):163-7




Juramaia sinensis

"Juramaia is an insectivorous mammal. It weighed about 15 -17
grams, more or less the size of a shrew,"

The shrew-like creature is the earliest known example of an animal whose kind evolved to provide
nourishment to their unborn through a placenta.

Zhe-Xi Luo (25 August 2011). "A Jurassic eutherian mammal and divergence of marsupials and placentals". Nature 476: 442—445.




Does size matiter?

J1BE BOSMOXKHEIX GipaneEnEsa LIS

2. ®dopMupoBaHMe TOHKOroO NMoKpoBa, obnaaatoLLero
aKTUBHBIMW MOTEKYNAPHO-GUOXMMUYECKUMUA
anemMeHTamMu 3auThbl



CelinmUIxCke M3MeHeHWd| Bl SAMAepMYICe Kak ABVIKY LI
AKTIOP SBONMFOLUNA MITEKOMUTGFOLUAX

[MoTepsa Bnarn — rnaeHas npobrema HaseMHOW XXN3HMW.

PeweHune npobnembl — NOCTOSAHHOE OBHOBNEHUE
anngepmMuca.

dDyHKLUMOHaNbHbIM anugepmuc popmunpyeTcs y
3MOpMoHa MbIwKn Ha cTagum E16,5 —
HenocpeacTBEHHO nepepn 3aknagakon NOKPOBHbIX
BOJIOC.




ip1acoeoe BEIMpaHVe
INepexmiv 1051bK0 0YeHb MesTke HOAOHTBL

Early Jurassic Period mammal - Hadrocodium.

The study also looked at the influence of body hair development
on brain size. The authors speculate that hairy early mammals
were quick to develop a keen sense of touch or tactile sensitivity,
along with enhanced motor coordination.

Fossil Evidence on Origin of the Mammalian Brain. 2011. T. Rowe, et al.
Science 332: 955-957.

CepbesHble N3MEHEHNS B CTPYKTYpPE U (PYHKLUMOHUPOBAHUN
MO3ra MbILLEN NPOUCXOOAT Ha 17-18 AeHb 3MOPNOHANbLHOIO
pasBuTuA.




Mopmoriorueckoe vl kiloHasbHoe pasHoobpasve
SNV ACPMAnBHBIX KepaTHOLMTOB

[*H]thymidine incorporation

_,;;, e Y. Lavker & Sun, JID, 1983 ooy
Three clonal types of keratinocyte with different capacities for Markers:
multiplication. Barrandon & Green, PNAS 1987 a6-integrin
The holoclone — the smallest colony-forming cell with highest proliferative p63
potential. Abcbl (P-glycoprotein)

B-catenin (Wnt pathway)

H id | st Il b iched based on thei id
uman epidermal stem cells can be enriched based on their rapi Tfrc (Cd71 low-absent)

adherence to the B1-inetgrin ligand - type IV collagen.
Chino et al., Am J Pathol, 2008

Nevertheless, isolation of pure and viable population of EpSC has not yet been
achieved



CTiBONOBbIE, KIIETKM BOSIOCIHONO) (hoNAVKyIia

Cotsarelis G, Sun TT, Lavker RM. Label-retaining cells reside in the bulge area of pilosebaceous unit:
implications for follicular stem cells, hair cycle, and skin carcinogenesis. Cell, 1990

The bulge area c

Figure 2. dentification of Labal-Retaining Cells in the Mouse Pilose-

Markers: Baiaadin Lk

Krtl5
Krt19
CD34
! CD200
) Fst (follistatin)
Fzd1 (frizzled homolog 1)



BbIiroabr:

B 3BOJTIOLUUN HACTOALLNX MITEKONMUTAKLLKNX, TaK KaK 0armio BO3MOXHOCTb PE€3KOro yMmeHbLUEHNA
pasmMmepoB TeNa n ysernndeHmnd nogBm>XHOCTH.

OTN U3MEHeHUNA fanm npeakam mMmrekonmTaroLlnx I'IGpGI7ITI/I K MMTaHNO HACEKOMbIMU U, TAKUM
o6pa30M, OCBOUTb COBEPLUEHHO HOBYIO 3KOJTOMYECKYIO HULLY U NEPEXNTb Tpmacosoe
BbIMUpaHUE.

lMepexon kK HOBOMY 06pasy KU3HW CTUMYNIMPOBA COOTBETCTBYIOLLME N3MEHEHNS MO3ra,
CTPYKTYpbl 3y60oB 1 meTabonuama (1.€., USMEHEHNS ANUAEPMUCA — NEPBUYHDI).

YMeHbLUEHME TONWMHbI anugepmMmuca n HeobXo4MMOCTb 3aLLMTbl 3NUTENMNArbHbIX CTBOMOBbIX
KneTok obycnosunu oopmMmnpoBaHue rnyboknx AepmMarnbHblX BNSYMBAHUA anuTenus,
copepaLumx NonynsiLmio CTBOMOBbIX KMETOK B NPOKCMMAaribHOW YacTu. 3T BNsiUnBaHus,
copep)Kallume CTBOMOBbIE KMETKM, MOCMYXMIN OCHOBOW (hOpMMPOBaHMSA BOJIOC.

KnumaTtunyeckne nsmeHeHus, conyTcTByroLimne Tpmacosomy BbIMUPAHUIO, Obinn ABVXYLLUNM
d)aKTopOM BCEX BblLLUENEPEYHNUCIIEHHbIX beHKLl,I/IOHaJ'IbeIX N3MEHEHUIN KOXN.
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