And now something completedy aVfferent

Vyvojove souvislosti I: vznik a vyvoj zubu jako produkt genetickych regulaénich kaskad
Vyvojové souvislosti 11: d. lamina, zubni epitel a mesenchym; teorie o evoluci zubu/dentice









Fg | Ao spthalal Dud |enametl oegan. TO) hat Srmad M B on0 of e Gertd i (00 Notice | caviaton of vestDulw s
(VL) 25 1 Iret jteg oW es formadion of & wasiDue A2 e D00 of W1 a0 naa sl prolieration g 10 T rmanon of
POCARAory sy gands (SAL) (Fgs 1) modfied afer Ny and Faprshos (49790

s [ whding %o
trancestly aoours oWﬂuﬂy 1o the dental lamina ¢ u(oﬂu‘ data Wy D’Am-l W The eompty vings u-t bk spots
1o Meswrakova ot ol 20050 Dark grevodental spithellum.  indioate the oddor and younger teeth, respedtively New testh
Light proy —veatibualar epithebum @ the Secedoonis canane,  wre foraed at the peeterss ered of sah Zahnredun







Fig. IA-C Drawings based on 3D recomaruoctions of the venarad
phanngedl epibelium mad of Be fiewt developing tecth i lanvad
rebrafish. INflerent shadex of grey peflect swrfaces that ke maowe
superficially (more donadly, terned towards the pharyvegeal cavaty
whire or Uphr grevl, or decper (more veatrally, tamed away from
the pharyngeal cavety: durker grey). A 56 RPF: the pharyngeal
eptthclivm 1 Birly smooth; a shallow deprosuon s peosont at this
stage Bul s not very proaousced yet, sooth 4V has some matnx
deposited (noe picoured)c B 72 MPF: anlagen of the primagy crypes
are forming mediad 50 the two 4V tecth, which are still uncrptod.
C 30 WFF: $e primary crypts aec nom acll proaounced and both
4V seeth have erupted (thewr tip piesces the laseral facing wall of
the crypth Onentations & indicased: Co candal, Cr cranial, D
donad, L Raeral. M ssodkal, Vo vestral: ersption of the sooth tip
follows o mediafly and dorsally darecied ocientatson
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Fig 33 Insorpornativg sceone of events assosiamed wal B ervp
oo of 3 fosl ponczation ootk @ larval scbeafih. The deawangs
pepersent Sowr (LA") ssicessive wages i the fommatios  aed
crupton of soofs 3V and SV'; Avee ovroses shom the secoemion of
these stapes. The doned arew in &7 s enlaiped 0 5

I" Formeson of prmary orypts Guresboands) B S vented
pharyngeal epiilion appenie e houadary betwan e Jevel
opeag looth perres 4V and V' (labvlladt 100t V' 1 i 2 stage of
maephogris I Deepesing of pramary crypis tavros el and
omset of formubion of socoadary crypes (umall armoss © matriy bas
e deposiod b toeh AV et WY om o o aape of
monpbogroess. £ Braption of tooth 4V in the primary crypts
aremheadi] and doopining of the woonduy crypis (arirm sl
madnis B Bocn dcponsiod for ool YV &7 Father capovae of
ooth AV Lighoer il off poey spblvam, darber dhade of proy
tooth meatne, CFV corstobrancheal ¥V catilape rcartilage Dpht goey
servosaded by penichonded o, Barler gary s V' oaad &) IO
ncy dostal cpthebeam. CVAE outer Scstal cpthcliam. FME voated
pharyngeal epaheliom. T wots marin




Continuous tooth replacement:
the possible involvement of
epithelial stem cells

Ann Huysseune'* and Irma Thesleff?

Figure 1. Schematic ropeesentation of replacement jooth
loeaton in Ad extasoddary o Bt intrameduliary stuation,
as cbsarved In tofeost fishes In both schomes, succossive
sages of Sevelopment of the footh germ are shown from eft o
nght. The predecessor (functonal 100th) i only represented
once (left of each Sgure), 10 show s relationship 10 the
pxcessor (replacement locth), The rebratsh conforms 1o the
upper scheme: other teleasts, &g cichid Ssh, 1o the lower
Bone, pinik; apthebum, purple; 1ooth matric, sod. Abbroviations:
ab, azachment bone: d, denting; db, dontigarous bora; ep,
bucca of pharyngent epthelumm en, enameloid. 00, enamel
Organ, m, mesenchyme mc, madkdary cavily

Cc D

Figeee ). Scheralc mpresertaton of A octon of putatve
slam coll che [ oroen area) imvaived n ool sepiecerent o e
Iobrafah, and B~k comparacn o slem ool nches n
marraias riestral orypl eptheiam (D), har folicie 101,
W] GPANW ATl B 8 CONBa Ry PO TODNNE Vo0
D) I oesing epihalam the s coll recha & Dcatd
M the Daie Of T Crypts of Latarsidn |08 1 In D haw 1pdicle
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QoW 1AM 150, T S Gl NN B BCad N T
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Eprtalum, porpdec har shaft. yollow. 1008h madis, "3
ADDrowalons 00 Crypt epaalumy o Gemng 4. Sl e,
MNETOANE 00 82N QI 0D MpaiTag N haw Iokcie Pa,
Par . 0, P Jents apthabuar 00N, S e
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M Bchrowd ot gl / Developromntal Bodegy JIS72008) 112 - 145 15

Labial

Lingual

Ventral

§ 3 Corntmuny of the macilary dereal ming & P seber, Recomstrection of the maiiry dental amind, THhere a0¢ N0 495 Detween sections and only cpeheiium was traced
Exampies of sections trated are o paneis DX A-C) 1840 pme was reconstrucied. The dental Laming &5 contineows and CGIp Sage primary or first peoeration 1ecth are presem &
repular mtervals. The angie of the dental Lmina with respect o the oral epitheliom Is indicated Inganed! B 1E-G) 1440 s was reconstrcosd. Thetip of the dental laming 15 bene 2t 507

the rest Oof the dental lamiaa, First generacson dell stage toeth bud off the Laddad side or obtusely angiad side of the lamiaa (EFL (1-K) 1097 sam was traced. Several tooth famuibes (s
5d yecond praeration ) cax D wren, 1he pink, preen, yelow and Atk Mue anlapem aor Dell-slipe, wihereas e red nd turguone Soeth are Cap slipe. The second-piaer ation teeth are
CHosest to the prowing tip of the dental Lenina. The deezal mpa has aa S ape (L)L Key: 2 acute anghe. ¢ candal ™ dental sind. © - obtuse angie. 1 rostral ' s

RENCTALON tooth, 22 — wxond geocration 1ooth. THhe recominxton 4re not 20 scaie. Scale












Paroedura

Placodal thickenings randomly Immediatelly differenciated in
distributed over the epithelium teeth primordia, most of which

(cf. Odontodes) do not develop into teeth
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Fig. & Ropoosentatinve drawings of tooth files in chondrchthyans,
cach showing the replacemncat toeth exposed by removal of the
kngusl epathelivm (a <) adult and (d) emndeyo. Alernate tooth fikes
(a. & Corcharivmo mekmapien); spaced nonaltomate tooth filks
with secth in 2 whoekhike ceder dc, Oy dscohoc s ameuiieas )L
also seon i pamane [ossil exampics spuced ponaltermase tooth
il of crusheng dentition (h, chimaerosd s Hedodhar sompdex ), Jhone
but soaaliernate fikes (4, emboyo gray roef shark Corchorfing
anddyriyncive ), esth, functional tecth M the jaw marpn may be
several in each fike (b, €L, or a ssaghe one (a). n. toech, newest 1ooth
10 form from permancst toodh prmordeam.

W

im oy d e d w k @ v & m a P © d le
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EMJIbU(patterned a n d re g w la t e d )

Fig. 9. Lower e with cpithclinm removed (a) and radograph (b)
of the same spocessca of embeyo gray reef shark (C, amdimh o)
Regular tooth files are shown cxch in hoe with segle fasd
radimentary tocth (tooth shands, boyvond the cartilige marpn)
and space between these wsed [or Increase in sie of lmer 100th
hases, bt nonalicrsation ol tecth
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Fig. 2. Roprosentation of sooth whorks in the jaws of fosal and I;
otant fish, antenoe 10 the Kk m a<: (2) scanthodias (b)
chondnchthyan, one ooth =1 10 2 modem shask wiuh sepante
tooth basex; () sarvoptorygian (d) oac row of lungfish sooth-plate
f¢) Phanmgeal pomned demile set from early  stechacanthed
Alwosinon Zongerlh, & pamitive choadnchthyan. (1) Pharysgeal
renad denticke ot of 2o agnathan, the thalodon! Legame®a reotics Fig. 2. A: Tooth sets along the Jower jaw of the chondrich.
() One toodh set froms the fnlled shark CMamrdoseciooku thyan Carcharhinus melanopterus. Note staggered or offset posi-
anpwinens, five feactional tocth (1 tecth) are locked together with tions of tooth sets, particularly with regard to the alternation of
spoci] amtachment regom, o0 15 outsade the odpe of the jJaw the functional teeth at the jaw margin (func.teeth). Scale bar =
istmodoat 1ooth), two developang tecth are Befow the hingual 1.0 cm. B: Denticle whorl of the agnathan (jawless fish) Loganel-
epwihelnan (soc Fig 7). Sosrces for deawags 0 a-< arc Denion lia (Thelodonti). Scale bar = 1.0 mm. Adapted from Smith and
11979 Raf (19760 Mov-Thomas and Mikes (19710 Smeeh (1988 Coates (2001: fig. 14 1H). a.marg. active margin of dental lamina,
sod Sesith and Coates (2001 site of most recent tooth production; small dentine tooth cores
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Dle souCasnych definic (mys, ¢lovék - sic!) je ontogeneze
zubu zalozena na oralnim ektodermu a hlavové
neuralni liste.



Dle souCasnych definic (mys, ¢lovék - sic!) je ontogeneze
zubu zalozena na oralnim ektodermu a hlavové
neuralni liste.
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Zuby (obecné?!!) umistény ve
stomodeu, epitel EKT puvodu

< N N

Povrchové (EKT) Supiny, dentikly (viz. plakoidni
Supiny) vmigrovaly do stomodea, kde se
postupné navazaly do Celisti a staly se zuby s.
str.

- zuby z EKT ontogeneticky i evolu¢né;;
- odontoda jakozto EKT struktura;
- zaloZzeno na situaci u zZraloka
Homologizacni predpoklad:
gradient Supina - zub




Tooth evolution:
»OUT-IN“ theory

Teeth from
(e.g. sensu W.E. Reif)

Dermal denticles of ECT origin migrated into the
stomodeum, where they became teeth

ECTODERM

Tooth = +
NEURAL CREST




Tooth evolution:
»IN-OUT “ theory

Teeth from ENDODERM
(sensu M.M. Smith)

Pharyngeal denticles of END origin were later co-
opted for ECT areas

ENDODERM ECTODERM

+ IS +

NEURAL CREST NEURAL CREST
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Thelodonti *t

Philippe Janvier
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Tooth evolution:

. « « Several times, independently?

¢ (Smith & Johansson, 2003): ...teeth may have evolved independently, several times, through a
mechanism of convergent evolution.

o (Tucker & Sharpe, 2004): ...diversity of dentitions might have been explained by combinatorial
derivation of teeth from both external (ECT), as well as internal (END) denticles and teeth.
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Separate Evolutionary Origins of
Teeth from Evidence in Fossil
Jawed Vertebrates

Moya Meredith Smith'* and Zerina Johanson®

e_—Jw Veviebrares —

B 1 X

% 5 2 O 5 Dual origin of teeth ?!?
2 22 SliEll” i3

T T2 Q a % ; 288 In derived placoderms,
mm3 3 a 3 § e 5 § teeth developed

< < O < z ¢ x8az independently and th
© © O M SFSe8E ependently and thus
e . | L] are not homologous to
I_J paks) other teeth of jawed

< Ir 1 !
4 l vertebrates

T . =
Teeth l i I



Some placoderms has upper and lower dental plates with teeth

Placodermi: Actinolepida (Aethaspis sp.,Incisoscutus sp., Bullerichthys sp.)

New teeth arose in a organized
way being added to recognizable
rows on each dental plate...

...thus, tooth development was
patterned and regulated...

... therefore, teeth develop from
tooth-primordia, regulated in
space and time by tooth-specific
tisuues. ..

... DENTAL LAMINA ?!?



These teeth are composed of regular (=gnathostome type) dentine
formed from cells within a plﬂp CaVity (contrary to accepted opinions)

= b f' . [
N L

"ol d | TP
SBU AT R
. 17 ",

Regular tubular dentin of
teeth

VS.

external skin denticles or
bony plates of heads and
trunkshiels composed of

semidentine/mesodentine




Teeth of Arthrodira develop and are regulated as in other jawed vertebrates

Because Arthrodira are derived forms of placoderms, teeth evolved at least twice

How many times did teeth develop ?!?

— Jawed Vertebrates — r—Jawed Vertebrates —

Osteichthyes

Osteichthyes

ye o S &)
w » é_ (ﬁ?) Q I
» O =3 Z |9 ©
2355|882 5 z3 352
Y B > 0 m T T 2 Q|6 o
m m= S| 2 LU O ] =
¢ 09 m|E 3 8 82 BE o
Teeth

Juws Jaws




“Teeth” evolution: from skin denticles or pharyngeal denticles ?!?

“Teeth from pharyngeal denticles” means that

SR~ N T, developmental regulatory mechanisms responsible for
Osteichthyes tooth patterns on jaw are co-opted from the
S % n pharyngeal region and not from the skin as clasically
> 3 z |3 2 thought
0z Pk 559 : : : :
CIR R m This strongly implies embryonic ENDODERM as
ﬁ ﬁ é é ol @ opposed from ECTODERM in the genetic control of
x| D .. .
c:) é § @ B z dentition patterning

Jaws

Ectopic teeth in human ovarian teratoma



Oral opening development: ECT vs. ENT

101G Dacldmon, M Sow ! Dewelopmontel Bicdagy 295 (2006 N0 712
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ECT stomodeal collar

Stage 36
100 um




Oral ECT

Stage 43+
20 um
, GFP transj




Stage 43+
20 um
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Dounlz gzrim-layzre farz-maooing z.ozeimznt:
ECT Ofriransplant; END cz2ll injzcrion (DIT)

Oral ECT




ECT OFP rransolant + END czll injzcrion (DIT):
Jzztn of dounlz=layzr origin

Oral ECT




in of tooth enamel epithelia
e Mexican axolotl

tooth fields origin:
ECT / END

Pre-/Maxillary
Vomeral @
Dentary @
Splenial @@®

Palatal @@

bud
a general

mouth formation

teeth development

ECT teeth

Fig. 3 Theoe stages m the developrrent of e ofl 8t ardd pharyes of
he Crp (et G (AC) respecively 36, S5 ond T8 N
postesigron An sCocermyl piug Bhuel mwaprates e endoceemuy
pharyrged 1oicy [pedom) WA ang formms 3 layer of Aattened leciooeem-
dervect ooy hue) 0N top of The Colmag (enaoserT-Cerived epthely
cuths tyefiowd (0.0 The tter proguce the enamel orgams of the teeth
v, fourm wntade. I, bran, (5. profdecstng eciocermy oA (s
epoerrw sratun, Ga, g axchy Gs, gl st Mo, My anchy N ey
layer o ecnodenn, NO, sotochord. Oy, ot veudie. M oharmoes 0
(modfied efer Ednards, 19291

stomodeal collar ECT + END teeth




Implications for development and evolution

The germ-layer origin of epithelium doesn't seem to matter at all - mesenchyme
cells can apparently interact both with ECT and END and such teeth look very
identical > homology?

We stress the role of NC-mesenchyme in tooth development & evolution because
then odontodes/teeth/denticles can form when in the oral/pharyngeal cavity or
even on the skin surface.

Teeth evolution from Teeth evolution from ENDODERM
Teeth origin can be seen as evolution of

odontogenic capacity in neural crest-derived
mesenchyme






Development of Dentition and Dermal Skeleton in
Embryonic Scyliorhinus canicula’

0 WOLF-ERNST REIF

Institut fiir Geologie und Paldontologie der Universitat Tabingen, Sigwartstr.10, D-7400
Tubingen-1, West Germany




Development of Dentition and Dermal Skeleton in
Embryonic Scyliorhinus canicula’

WOLF-ERNST REIF
Institut fr Geologie und Palaontologie der Universitit Tabingen, Sigwartstr.10, D-7400
Tubingen-1, West Germany




postembryonic stages of Recent sharks, scales | oy elopment of Dentition and Dermal Skeleton in
can ly grade into teeth (see, e.g., : L. )
Smith, '37). cannot, however, be con- Embryonic Scyliorhinus canicula’

teeth . WOLF-ERNST REIF
into during any postembryonic stage in Institut fiir Geologie und Paldontologie der Universitit Tabingen, Sigwartstr.10, D-7400
a living shark; nor do they grade into each Tabingen-1, West Germany

Dentition and dermal skeleton of S. canicula
(and all other elasmobranchs) thus seem to

develop rather independently from one anoth- ® «y
er. This is shown by the difference in timing o 8
of the developmental processes; although 4l
these processes may sequentially be connected H f

with reference to an “overall” biological clock-
like regulation process. The difference is also

It is not known when scales of the second SN
generation start to form in S. canicula and £ A ". RN
when the replacement of scales begins. Most P B a4
sharks studied so far have scales both on the W 530 )
body surface and in the mouth cavity. As a \\ - i/ A
rule, the formation of scales in the mouth et g
cavity starts much later than on the body \J}}/
surface. It begins either at the end of embry- "W’
onic development or in the first months of '
postembryonic development. As far as can be o X
determined from the specimens available (up i U
to 70 em total ‘“‘m. S. canicula never de- Pig 4. Lowcorga erinace. Patterns of dormal G- at the xame wale (A-#). 1 A wemmerary of the crder and
velops scales in the mouth cavity. are e 5 Mk symbels thone which wil by viulle 123 mem ke amout 90 choac CSVLD. B, 15,6 oen 10 SVE.

Rt are shown as spwn symibols Al sosbeyus are ahran 158 o SV DY 192 an in SV B 200 s in SYT,
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C iec h lid y : o

pharyngeal jaw
premaxilla

teeth; these may be formed for grasping,
tearing, grinding, or combing,

on prey type
outer

lower pharyngeal jaw teeth

lower jaw

areas of dotted lines indicate the main muscles that
support the pharyngeal jaws
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Comparison of Teeth and Dermal Denticles (Odontodes) in the
Teleost Denticeps clupeoides (Clupeomorpha)

JEAN-YVES SIRE.,* STANISLAS MARIN, anp FRANCOISE ALLIZARD
Université Paris 7-Denis Diderot and CNRS. URA 1137, Paris, France

Fig. 1. Laterad view of the antersor part of the body lume ¥, pasietal; M, premaiila MOP, peeoperculum: S
m Dentovps clupoondes showing the distribution of the scale. Shightly modaed after Clausen ¢ 3. Scale bar
dermsal dentiches and the booes cited i this stdy D LR T
Jentary, M. manilla 1O mtcropercadum. OF. operve
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Tooth Development Is Independent of a Hox Patterning
Programme

EMEIA T, SAMEN, ATHURNT CRAZANA, ARIUAIL K TUOKER, we PACL T MUY
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human skull,
chick skull: extrapolated from mouse:

M neural crest

The neural crest (2. nd, 1999) J.Anat. 2001

Prispévek bunék NL do lebky: mys, kufe, Xenopus;
Prispévek bunék NL do zubu: mys, mlok, ...?

Problém s dermis:
ekto-mesenchym vs. MES-mesenchy
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Evolucni puvod zubu: EKT vs. ENT




A new perspective:
collaborative interactions of ep- & NC-GRN’s

epGRN
A | ) o] S8

¢ A
4447 — [N\
B taste bud
(epGRN) + mesGRN = oGRN
ol

Tooth - dGRN
c oGRN<A:“ S
A Scale/denticle

Gene networks, neural crest and the advent of vertebrate dentitions

G.Fraser, R.Cerny, V.Soukup, J.Streelman: subm)






