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- heterotopni evoluce (homeotické mutace)
- heterochronni evoluce (heterochronni mutace)
- environmentalni evoluce (adaptace na prostredi)




Vyvoj (individualni vyvin, ontogenezg,’
development) je geneticky “
programovany a cyklicky. . &

Evoluce (historicky vyvoj, fylogeneze) , -
neni programovana, nybrz nahodil.‘.-_(‘ 4t



Epigeneticka realizace

ontogenetického programu
je klicova pro dostupnost !
prirodni selekce, reprodukciia .
dedicnost, IS HE
tedy i pro smér evoluéniho tG Ié'\g/ 7}

i
]




A

AN

ve vyvinu drive nez znaky nizsi skupi
v Haeckellv biogeneticky zakon (1866):-
“‘ontogeneze rekapituluje fylogenez

Vyvojove zakony

;// 7
/

v Von Baeruv zakon (1828):
“znaky vyskytujici se u vyssi




Evoluce a ontogyenez

2
EVOIlutiion and DEVelOprment

Carl Ernst von Baer
(1792-1876)

fylotypova stadia obratlovci



Baerovy zakony fylotypového stadia obratlovcu

(1828)

[1] Obecné znaky velké skupiny zivo€icht se v embryu vyskytuji drive
nez znaky specializované

[2] Méné obecné znaky se vyvijeji ze znakll obecnéjSich,
priéemz znaky velmi specialni se tvofi az ke konci embryogeneze

[3] Embrya odliSnych druhti se od sebe v prabéhu individualniho
vyvoje stale vice a vice odliSuji

[4] Casné embryo evoluéné vyssiho Zivoéisného druhu neni podobné
dospélci nizSiho zivo€icha nybrz jeho éasnému embryu



PEDIGREE OF MAN.
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Omezeni biogenetického zéko’ga/ﬂ\
;s 1

v Dospéle znaky prfedku jsou jen
vyjimecné casnymi vyvojovymi stadii/|
evolucnich nasledovnikd. |

v Adaptace ve vyvoji jsou stadium- ¢ |-

4

specifické, odrazi se ve vyslednych'/{:

fenotypech e d |
v Ne vSechny nové znaky vznikaji 7| /.p
prostrednictvim terminalni adice 7 5% 2"



Richard B. Goldschmidt (~ 1935) :

(1 ) LAY < - - p N ﬁl* ’ ..
... Evoluce spociva ve zdédéni zmén [
individualniho vyvoje ..." |

funkéni biologie = anatomie, genova exprese

vyvoj = zmeény funkéni biologie / realny €as

evoluce = zmeény individualniho vyvoje
/ historicky €as



Po selekci se deédi (prenasi) genotyp,
selekce se vSak realizuje na bazi fenotypu !
(Soma, fenotyp)

(Genotyp, transmisni genetika, zarodec¢na draha )

Weismann (1889): somatické zmény ziskaneé v prubéhu
zivota vysSich zivoéicht neovlivAuji reprodukéni bunky
¢i potomstvo (“Weismannova bariéra*).



Cell, Vol. 122, 303-315, July 29, 2005, Copyright @2005 by Elsevier Inc.

DOI 10.1016/j.cell.2005.06.031

Oocyte Generation in Adult Mammalian
Ovaries by Putative Germ Cells in
Bone Marrow and Peripheral Blood

Joshua Johnson,! Jessamyn Bagley,?

Malgorzata Skaznik-Wikiel," Ho-Joon Lee,’

Gregor B. Adams,?® Yuichi Niikura,’

Katherine S. Tschudy,! Jacqueline Canning Tilly,’
Maria L. Cortes,* Randolf Forkert,®> Thomas Spitzer,®
John lacomini,? David T. Scadden,®

and Jonathan L. Tilly'*

Boston, Massachusetts 02114

It has been suggested that germline stem cells main-
tain oogenesis in postnatal mouse ovaries. Here we
show that adult mouse ovaries rapidly generate hun-
dreds of oocytes, despite a small premeiotic germ cell
pool. In considering the possibility of an extragonadal
source of germ cells, we show expression of germline
markers in bone marrow (BM). Further, BM transplan-
tation restores ococyte production in wild-type mice
sterilized by chemotherapy, as well as in ataxia telan-
giectasia-mutated gene-deficient mice, which are
otherwise incapable of making oocytes. Donor-
derived oocytes are also observed in female mice fol-
lowing peripheral blood transplantation. Although the
fertilizability and developmental competency of the
BM and peripheral blood-derived oocytes remain to
be established, their morphology, enclosure within
follicles, and expression of germ-cell- and oocyte-
specific markers collectively support that these cells
are bona fide oocytes. These results identify BM as a
potential source of germ cells that could sustain co-
cyte production in adulthood.



ovaw NATURE|VOL 428| 11 MARCH 2004 | www.nature.com/nature

Joshua Johnson*, Jacqueline Canning”, Tomoko Kaneko, James K. Pru & Jonathan L. Tilly

Vincent Center for Reproductive Biology, Vincent Obstetrics and Gynecology Service, Massachusetts General Hospital, and Department of Obstetrics, Gynecology and
Reproductive Biology, Harvard Medical School, Boston, Massachusetts 02114, USA

A basic doctrine of reproductive biology is that most mammalian females lose the capacity for germ-cell renewal during fetal life,
such that a fixed reserve of germ cells (oocytes) enclosed within follicles is endowed at birth. Here we show that juvenile and adult
mouse ovaries possess mitotically active germ cells that, based on rates of oocyte degeneration (atresia) and clearance, are
needed to continuously replenish the follicle pool. Consistent with this, treatment of prepubertal female mice with the mitotic
germ-cell toxicant busulphan eliminates the primordial follicle reserve by early adulthood without inducing atresia. Furthermore,
we demonstrate cells expressing the meiotic entry marker synaptonemal complex protein 3 in juvenile and adult mouse ovaries.
Wild-type ovaries grafted into transgenic female mice with ubiquitous expression of green fluorescent protein (GFP) become
infiltrated with GFP-positive germ cells that form follicles. Collectively, these data establish the existence of proliferative germ
cells that sustain oocyte and follicle production in the postnatal mammalian ovary.




R Pearl, WFE Schoppe (1921), Zukerman (1951):
... zakladni biologicka doktrina ... v prubéhu zivota jedince
nenastava zvyseni poctu primarnich oocytu nad ramec téch,
které byly vytvoreny pri tvorbé vajecniku (konci narozenim) ...

J Johnson et al. (2004):.
... juvenilni i adultni vajeCniky mysSi maji mitoticky aktivni
zarodecne bunky ...
... chemoterapie eliminujici zasoby folikull muze byt pfekonana
aktivaci novych zarodecnych bunék ...
... transplantace wt-ovarii do GFP-mysi vede k infiltraci folikult
GFP-pozitivnimi zarode¢nymi bunkami ...

J Johnson et al. (2005):

. moznost extragonadalniho zdroje zarodecnych bunek — trans-
plantace kostni dfene nebo periferni krve (pluripotentni bunky)
vedou ke vzniku oocytu donoroveho typu ...

... schopnost fertilizace a dalSiho vyvoje oocytu odvozenych z
kostni drené Ci krve vSak dosud nebyla prokazana ...




A Schematic Drawing of the Ovary

The blue arrow follows the the ovarian folicles from thewr maturation (from prmaty follicles) to -
as they mature. The schematic is merely drawn this way to show all the stages of matu

Primary Secondary Follicle

Germinal Follicles Antrum forming
Epithelium . ( ) Stratum
AN Granulosum
Time
Cumulus
Oophorus

ing
Lt Theca — Folicle Sy
Povedou tyto vysledky ke zpochybnéni Weismannovy bariéry a umozni
vysveétleni epigenetického (Lamarckova) dédéni ziskanych znakt ?!?

Pozor! U samecéku-zivo€icht zakladni biologicka doktrina (princip
reprodukéni biologie) neplati viibec: sam¢&i zarode€éné bunky (sperma-
togonie) se mitoticky mnozi a jejich meiotické derivaty (spermie)
obvykle vznikaji az v dospélosti.



- y cytoplasma posterior u oplozeného vajicka
Transplantace polové ——FereseaTdo anteroru meho——
cytoplasmy muze indukovat

tvorbu zarodecné linie

primordialni zarodeéneée
bunky jsou prvnimi

odliSnymi, na posteriornim syncycium
- < =
koncl anterior ni buiiky (5pdlovou plasmou)
- Coan .
u drosofily, gccaeeeeecicaeestee e
hllvstlce (granule P) I
a zab

>
ace
pnad

moucha G vytv?a“fﬁ/;ér odecne bunky
sgenotypem G aY




Obr, 44, Demonslrace prunordialnich sarodefoyel bunélk v ¢asnén endodennu embrya Zabw
(podle Galberta, 1988 Cast venlrshn tkiné neuruly, kde son prilomme prekursory sarodaényeh
bunele, mwtantnihe donora (tvofiedho ve swich radrech povze jedmd jaddrka) tyla pronssena do
recipienls dwvokaho lypu (se dvéms gadérky). Poooperact byly Faby donors stenbid, vebol
Farodedénd bodky bvly odstrandoy a nenmla i nend schopna s1 vwtvoitt novd. [Tostrelski 2dba
vk Dyl ferbilni g vylvadels mewcon mamely biad s Ziduym nebo jednim gaderkem {yp donora),
nebo s jedhim pacdérkemn (hyp hosulele, G, visin), Kiteenim (élo chnonéneké #iby < dhvolym Lypemn

vernk A polomsivo s jedoin nebo dvéos jadéroy (pavedod cxpornnenty, Blackler 1968 ).

donor hostabel
(1-jadérko ) (2. jadérka)

sterilni dospélec g
(1-jadérko ) SBEEE

chimérickd #iba - thifi donora thad hostitele :
meidza } +
- jadérke 0 - jadérke 1 - jadérko
potomstvo:

wilid-Lype

puriner — 1- jadérko @ 2 _jadérka 1 - jodérke 2 — julérka

gamely




Obr. 49, Konstmkee chimérické mwhi kombinaci blasromer 7 edlitndeh jedinen {(podle Miillera,
1997 Lento experunent vyehazi ze schopnosty repulace, 1), schopnosts éasti blastuly repencrovat
po exciz zhyvagici ¢astl. a relativnd pozdni diterenciace bunéényeh linii u savel. Blastocysty dvou
pdligngeh mivdich linid byly zhaveny zony pelheidy. fiizovany a produke byl vnesen do dslahy

pseudopregnaning saoucky, Vysledny jedmec je genelickou mosstkou bungk obou vyehozich i

enzymaticka

@ @ H‘@ . macerace

oplozena vajicka ve stidiu
ryhovani ze dvou genotypové
i fenotypové edlifnych mygi

inkubace

In vive

hostitelska samilka chiméricky jedinec
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Redundance ve vyvoji

{
AT
v Mutace vyvojovych genud ¢asto vedou/ * \
k neprukaznému fenotypu. &}
v Toto je zfejmé zpusobeno funkéni
’ 7 TN
redundanci genove exprese. 24r -

v Nejcastejsi typ redundance vznika |
dusledek genové duplikace. ‘




Heterotopni evoluce

exprimovany v prubéhu vyvoje
v Heterotopie muze vytvéFet nové morfolo

v Heterotople je zvyraznena prostorem,
nikoll casem

v Halder et al. (1995) indukovali extra-ocCi n' '
kridlech, nohach a tykadlech Drosophila :.
ektopickou expresi "eyeless" cDNA




PAX6/Eyeless exprese
v musSich a mysich o€énich zakladech

BZE5Pax-GRIZFD

' " Iif:‘:’)%
@273 T FE
BIZa2EE5 TPax-6ilfl1E T
HldzsnTVLDERT (B
o N k17
@EHFTELVT A L AER
TET(L, Pax-6BETOR
WA A LRI,
BO0OrPax-6lifET 3, 772
TLEHE2(BDIZITGWL
TVa, EREBEND?TIAT,
T [ZPax-6 T FH -
B hEAE—NLT A LR
TRiE., (EE=Walter Ge-
hring)




- William Bateson
(1861-1926)

Materials for the Study of
Variation (1894)

... HOMEOZA je zvl&stnim
typem variability, kdy jeden
¢len opakujici se série prebira
rysy, které se normalné vyvijeji
u jiného clena série ...




Homeoticke geny davaji vznik/
sériove homolognim strukturam

- - Tribolium

- - Dresophila



HOMEOTICKE GENY

jeden z kliéa specifikace a diferenciace

_wif”

-+

halkers -""l

BITHORAX specifikujetieti ¢lanek hrudi a
zadecek: ztrata funkce — misto kyvadéek
setvori druhy par kridel

(vice anterior ni fenotyp)

Edward Lewis (1963) : pravndl ;f\,
spacio-tempor alnf kolinearity .



ANTENNAPEDIA specifikuje mesothorax:

jeho ektopicka ,dominantni* exprese vyvolavé tvorbi
nohou na hlaveé (vice posteriorni fenotyp)

zadecek ~hrud__hlava

Bithorax

wi




Homeotické geny

Fidi anteriorné - ' ——gen C
posteriorni — e e &

specifikaci téla

mutace :
ztrata funkce genu C,
wvice anteriorni* fenotyp ———gen A

mutace :
ektopicka exprese genu B,
,vice posteriorni fenotyp

gen C
gen B
gen A




ODbjev homeoboxu (1982)

Walter Gehring
(Basel)

Helix 2
—_—

Matthew Scott
(Stanford) vazba homeodomeény Antennapedia na DNA



Polariza¢ni oblast pupene specifikuje
koncetinu podél antero-posteriorni oSy

exprese genu SOnic hedgehog na posteriornim
pupene poskytuje pozic¢ni signal podél A-P osy

, ond'l |

Anterior %

Posterior .




Exprese homeotickych genu
v pupenu kridla kurete

Hox-d geny jsou exprimovany
podé antero-posteriorni osy :
Hox-d 13 je nezadnéj Si

Anterior

~ Hoxad

Hoxad9-13

Hoxa9-11
Posterior

Anterior
]

Hoxd9

Hoxd9-13

Proximal Distal

Hoxdd-11

Posterior
I




a b Chick Python
S Foralimb X
h
F
2 |
Thoracic r a
Flank a
5 n
i k
o
Lumbar
Hindlimb Hindlimb

Hox gene expression in the evolution of shakes — a dramatic modification of the
vertebrate body axis. a | The skeleton of a python embryo stained with Alcian blue (cartilage) and
Alizarin red (bone). b | Schematic diagram comparing domains of Hox gene expression in chick and
snake embryos: HoxB5, green; HoxC8, blue; HoxC6, red. Hox genes are involved in the
regionalization of the lateral plate mesoderm into forelimibz, flank and hindlimib, to specify limb position.
The expansion of HoxC8 and HoxCE domains in python correlates with the expansion of thoracic
identity and can account for the absence of forelimbs



Evoluce homeotickych
(selektorovych) genu

v VySoKky stupen podobnosti mezi geny
skupin Antennapedia a Bithorax,
duplikace

v vSechny obsahuji homeobox, 180 bp -

v koduji 60-amino-kyselinovou L ',;'
nomeodomeénu, ktera se vaze k DN Cﬁ \

| : )

Zivocichu, Clovéka i rostlin g = '_r\

| ¢

v pribuzné geny nalezeny i u vsech jll‘ly



Mouellic et al.;: Homeosis in the mouse induced by a flll
mutation in th Hox-3.1 gene. — Cell 69, 251, 1992 ]

|- |'
- nahrazeni kodujici sekvence genu Hox3.1 signalnim genem Iaci
h

homologni rekombinaci v kultivovanych embryonalnich kmenovy

bunkach ; |

A s/
- gen rezistence k neomycinu zajistuje selekci homolognich reK’oﬂnblnaantu’

LA |
- lacZ gen je reportérovy — detekuje mista exprese Hox3.1 v hetérozygptmch
mysich Hox3.1 +/- (... hybridizace s mRNA Ci imunobarveni) * | X
| . Il.r .II ;
- homozygotni stav Hox3.1 -/- je semiletalni, nékolik segmentu kostr j \
transformovano jako vice-anteriorni (podobné u drosofily loss- of fu ctlon

mutace Bithorax)

- 8. par zeber je spojen s hrudni kosti a tvorba 14. paru na bedernim obratli






a—

Forelimb Phenotype in Hox-3.7 Mutant Mice

The mouse on the left has a Hox-3.7*" genotype. The mouse on the ||
right, whose fingers are clenched, has a Hox-3.7'" genotype. _



Chicken hindlimb

n

Duck hindlimb

L]

n

| | I
EMP

Reqgulation of chicken limb apoptosis by BMPs. Autopods of chicken feet {top) and duck feet
(bottom) at similar stages. The in situ hybridizations show that while bone morphogenetic proteins (BMPs) m

v

I:Z-nrernlm Apt::-ptusis Nem.lrb-::urn t
.

. g

are expressed in both the chicken and duck hindlimb webbing. the duck hindlimb also shows expression of
gremin in the webbing (arrows). Gremlin is an inhibitor of BEMPs. The pattern of cell death (shown by neutral
red dye accumulation) becomes distinctly different in the two types of webbing. .



Inhibition of cell death by inhibiting BMP.
a| Control chicken hindlimbs have extensive

apoptosis in the space between the digits, leading
to the absence of webbing. b | When beads
soaked with Gremlin protein, an inhibitor of bone
morphogenatic protein (BMP), are placed into the
interdigital mesoderm, the webbing persists and
generates a duck-like foot.,




Box 1 | Evolution of the Hox cluster during metazoan evolution

During evolution, large
MACRO EVOLUTIONARY EVENTS
markedly altered the
metazoan body plan and
gave rise to the
morphological diversity and
complexity of current
phyla™. The cladogram
shows the main metazoan
groups and the associated
body-plan transitions
(indicated by red circles).
The closest unicellular
relatives of metazoans were
the choanoflagellates™; the
question marks indicate
uncertainty about the Hox
gene complement in these
evolutionary positions. The
tirst body-plan transition in
metazoans was the origin of
radial symmetry, which gave
rise, in the first instance, to
cnidarians. The origin of
bilaterality involved the
generation of two body axes
{anteroposterior and
dorsoventral), the
endomesoderm, and a
nervous system that was

R

Choanoflagellates

Sponges
A 8 ¢ P
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—|a— R
A =
Acoelomorphs

Multicellularity 4¢ E I
?

&= 3
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Deuterostomes
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Homeoboxoveé genové shluky u metazoi

jsou staré asi 1 miliardu let, prostorova/Gasova kolinearita
casteCné zachovana, poprve se vyskytuji na evoluénim
prechodu Cnidaria/Bilateralia, souvislost se vznikem ftfi
zarodec€nych listu

MEGACLUSTER (ancestralni ProtoHox)

se postupné amplifikoval a divergoval ve tfi skupiny genu

(a) Hox-shluk: Lewis 1978; 5+3 geny u drosofily, 39 genu
ve 4 shlucich u savcu), pusobi predevsim v ektodermu
(b) ParaHox-shluk: Brooke, Garcia, Holland 1998; je pouze u
obratlovcu, blizky Hox-shluku, fidi vyvin endodermu
(c) NK-shluk: Kim-Niremberg 1989; 4 geny u drosofily, téz
u obratlovcu, fidi hlavné vyvin mesodermu



HETEROCHRONNI GENY




HETEROCHRONNI MUTACE

model rizeni ¢asového vyvoje larvy hlistice C-elega

specificka stadia larvalniho vyvojejsou

S : gy L lin-14 mutace, , ztrata* funkce
urcovana hladinou proteinu lin-14

P 4 == 7] -
c
=> => =
A nizka >
¢asovy gradient lin-14 je vysledkem trans: lin-14 mutace, , ziskani* funkce,
kripéni represelin-14 proteinem lin-4, nebo , ztrata® lin-4 funkce

zacingjici pri ¢asném vyvoji larvy

ﬁﬁ*‘%ﬁﬁﬁ% :

Iirl-14

e ] 'y ..|...|.
{ﬂ'u'.'hl {n'l. e ':L j‘i’lilﬂ.ﬁ'lll.u}él

represelin-4




Heterochonie

v Evoluéni zmény v rychlosti nebo
casovani vyvojovych udalosti davaji
vznik novym adultnim fenotypum

v Odlisné rychlosti rustu ruznych casti
téla béhem vyvoje organismu jsou /4
podstatou allometrickych vztahu  [<<

v Heterochonie tvofi zjevnou asociacil &,/ +
mezi ontogenezou a fylogenezou




vyvoje znaku, coz vede k juvenilnim
charakteristikam adultniho potomstva jedince
(vyvin nastava casné = progeneze, nebo/ 1
relativni redukce rychlosti nastupu jedn
znaku relativné kjinému = neotenie)

vyvoje znaku vedouciho ke zvyraznénée u.
znaku adultniho potomstva :
(prodlouzeni rustove faze = hypermorfoza)




5
Heterochronni evoluce y /{

¢ ’ - f i
v Pedomorfie: neotenie u axolotla I 1)

(Ambystoma mexicanum), kde juvenilni zabra /*
jsou zachovany az do dospelosti

v Peramorfie: vzrust velikosti parozi (Y A |
u irského losa (Megaloceros giganteus) ¢ /) ° & ;




Polymorphism in the development of horns in the male dung beetle, Onthophagus taurus.
a | Small horns, produced by males below threshold size. b | Fully developed horns in a male over threshold size.



PROGERIE (progeneze)
predéasné starnuti u ¢lovéka

Obvykle single-genové mutace jsou odpoveé
za senescentni fenotypy, které imituji normativni §a

»
- impakt na uréity (jediny) organ ¢i tkan (unlmodéf f .
progeroidni syndromy), pf¥. Alzheimer '

- impakt na mnohé organy a tkané (segmentaéni .

progeroidni syndromy), pf. Hutchinson-Gilford, Wernqr y

.

-



Mational Institute on ﬁging

;f‘ :ﬂ NIH SeniorHealth

® Main Menu | o Site Index
Alzheimer's Alzheimer's Disease
Disease Defined | Alzheimer's Disease Defined
Causes and Risk
Factors
. Symptoms and Dementia is a brain disorder that seriously affects a
Diagnosis person's ability to carry out daily activities. Alzheimer's
Treatments and disease is the most common form of dementia among
Research older people. It involves the parts of the brain that control
thought, memory, and language. Every day scientists
learn more, but right now the causes of Alzheimer's
disease are still unknown, and there is no cure.

. Frequently
Asked Questions

MedlinePlus for
More Inform ation
Epfi"t_ﬂf'ffiﬂﬂd"f 4 Areas of the Brain Affected by Alzheimer's
version *ﬁ .

Disease

Dr. Alois Alzheimer
(1864-1915, Mnichov)

Intelligence,
judgement, . 3 .
and behavior i I\



Hutchinson-Gilforddv progeria-syndrom . < 7] VY
je onemocneni déti zpusobené mutaci Jiat oy & '“1.
proteinu vyznamneho pro architekturu jadra: aberantni morfologie. { A

Filamenty u periferie jadra odpovidaji za udrzovani struktury a stability jédra,,"'
ochrana pred mechanickym stresem. Lamina téz udrzuji genomove domeny, :
regulacéni funkce v expresi.



Spontanni bodova mutace
v kodonu 608 genu kodu-
jiciho protein lamin A

Silentni aa-mutace aktivuje
kryptické misto sestfihu RNA

Mutantni protein progerin
postrada 50aa na C-konci

Méni se jeho post-translacni
modifikace

Progerie u Cloveka i mysi,
scvrkla jadra,

defektni reparace DNA,
genomova nestabilita

C>T
G608G

DD

De novo silent mutation in LMNA
exon 11

i

G221 -
- k: Aberrant mRNA splicing due to the
activation of a cryptic splice site
50 aa deletion
D . Synthesis of a truncated,
% fahaA~h  unprocessed pre-lamin A protein
_EW retaining a toxic farnesyl

modification

|

Dominant negative effect of mutant lamin A on

DOI: 10.1371/journal pbic.0030395 g001

lamina function

» Nuclear morphological abnormalities
= Disorganization of heterochromatin

» Defective repair of DNA damage and
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The Molecular Basis of Nuclear Defects in HGPS



Figure 1. Photographs of a Female Patient with the Werner Syndrome, the Prototypic Segmental Progeroid Syndrome

The patient had multiple cardinal signs of the classical form of the disease, including bilateral cataracts, characteristic dematological pathaol-
ogy, short stature, premature graying and thinning of scalp hair, and parental consanguinity (she was the product of a second cousin marriage).
She also had type 2 diabates mellitus, hypogonadism (with menopause at age 35 years), osteoporosis, flat feet, and a characteristic high-
pitched, squeaky voice. Cytogenetic studies revealed minor mosaicisms for autosomal translocations, deletions, and aneuploidy involving
the X chromosome, initially raising the question of a mosaic Turmer syndrome (Jaramillo et al., 1985), but consistent with the more gensral
cytogensatic instability and cell selection reported in such patients (Salk et al., 1981a, 1981b). The patient died at the age of 61 of unreported
causes. The International Registry of Werner Syndrome (http:/Awvww. pathology.washington.edw/research/werner/registry/frame2. himl) deter-
minad that this patient was homozygous for a previously described large genomic deletion involving exons 19-23 of the WRN gens. (4) Age
~13 (growth had ceasad at age 12); (B) Age 21; (C) Age 56. Photographs are courtesy of the patient's spouse, with informed consent of
the patient.
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