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And now something completedy aVfferent

Vyvojové souvislosti 1: vznik a vyvoj zubu jako produkt genetickych regula¢nich kaskad
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Citankova moudra odontogenese jsou
zaloZzena na humanni embryologii s
komparativnim aspektem savcl l
(Lidska odontologie + paleontologie).

mfDNES:
akcent vyvojoveé biologie, molekularni
embryologie, kmenovych bunék...
(a co kontext??)

Biologa vSak zajima, co je
plesiomorfnim stavem znaku a jak
dochazi ke zménam znaku.
Plesiomorfni stav? Zraloci?
Primit. aktinopterygii jako bichir Ci
amia?

Plakodermi? Conodonta?
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Cell Science Signalling In Tooth Development

- transkrip€ni faktory
- double-mutant; null-mutant; null-mice (Pax9 null mice)




Histology of important stages of tooth development.

Note that all early development s directed at creating the crown and ondy then root
formation Is initisted. Amaeloblasts differentiate from the epithelium and ccortoblasts from
the mesenchyme and they deposit the matrices of enamel and dentin, respectively.
Amaloblasts and enamael are missing on the root which is covared by the softer dentin and
cementum. Ep, epithelium,; mes, mesenchyme; sr, stellate reticulum; dm; dental
mesanchyma; dp, dertal pagiila; df, certal follicle; ek, enamal knot; erm, epithelial call
rests of malassez; hers, hertwig's epithelial root sheath.

Figure 1.

The developmental anatomy of early tooth morphogenesis and the formation of different tooth
types: low-crowned molar, continuously growing molar with a complex cusp pattern, and
continuously growing incisor lacking a complex cusp pattem,



TGF beta (super) family: Transforming Growth Factor beta
Hedgehog family: (SHH) sonic hedgehog; IHH,

BMPs: Bone Morphogenetic Proteins

FGF: Fibroblast Growth Factor

Wnt: Wg (wingless); Int: (integration sites...)

... jeden z nejpozoruhodnéjSich objevu poslednich let je to, Ze
malé mnozstvi signalnich molekul je vyuzivano znova, znova
a znova ve vSemoznych typech tkanich a v nejruznéjSich
kontextech u vSech zivoCichu - viz Shh, BMPs, FGFs, Wnts
etc.
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Urovné informace:

- morfologie

- exprese genu: protein (SHH)

- exprese genu: RNA (Shh)

- funkCni data: down-regulace (odstreleni) konkrétniho genu
(Msx2 null mice = Msx2”)
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Ve v8ech pfipadech morfogenesi (evaginaci epitelu) aktivuje stejny morfogen - Shh




CMLS, Cell, Mol. Life Sci, 57 (2000) 1672-168)
1420-6822X 00/121672-10 § 1.50 + 0.200
© Birkhduser Verlag, Basel, 2000

|CMLS Cellutar and Molecular Life Sciences

Sonic hedgehog signaling pathway in vertebrate epithelial
appendage morphogenesis: perspectives in development and

evolution

C.-M. Chuang™*, N. Patel*, J. Lin*, H.-S. Jung® and R. B. Widelitz*

“Department of Pathology, School of Medicine, University of Southern California, 2011 Zonal Ave, HMR
3158, Los Angeles (California 90033, USA), Fax + 1 323 442 3049, e-mail: chuong@ pathfinder. hsc.usc.edu
*Institute of Biotechnology, University of Helsinki and CBRC, MGH-East, Harvard Medical School and Dept.
of Oral Biology, College of Dentistry, Yonsei University, Seoul (Korea)

Abstract, Vertebrate cpithelial appendages are clabo-
rate topological transformations of flat epithelia into
complex organs that either protrude out of external
(integument) and intermnal (oral cavity, gut) epithelia, or
invaginate into the surrounding mesenchyme. Although
they have specific structures and diverse functions, most
epithelial appendages share similar developmental
stages, including induction, morphogenesis, differentia-
tion and cycling. The roles of the SHH pathway are
analyzed in exemplary organs including feather, hair,
tooth, tongue papilla, lung and foregut. SHH is not
essential for induction and differentiation, but is in-
volved heavily in morphogenetic processes including cell
proliferation (size regulation), branching morphogene-

sis, mesenchymal condensation, fate determination (seg-
mentation), polarizing activities and so on. Through
differential activation of these processes by SHH in a
spatiotemporal-specific fashion, organs of different
shape and size are laid down. During evolution, new
links of developmental pathways may occur and novel
forms of epithelial appendages may emerge, upon which
evolutionary selections can act. Sites of major varia-
tions have progressed from the body plan to the limb
plan to the epithelial appendage plan, With its powerful
morphogenetic activities, the SHH pathway would
likely continue to play a major role in the evolution of
novel epithelial appendages.

Key words, Evolution; development; skin appendages, morphogenesis; size,
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hedgehog - Drosofila: mutantni embrya byla
pokryta trnitymi vyrastky, takze embrya
pfipominala jezka (hedgehog).
U obratlovct jsou 3 homology (paralogy): e
shh, Ihh a dhh.

Shh: transkripCni regulacni protein; tzn
ovlivnuje transkripci dalSich proteinu;
morfogen, vytvari tedy koncentricky gradient
od svého centra.

ZUB: rana faze - rast a vyvoj zubniho zakladu;
pozdéji: bunécna diferenciace a polarizace
vyvoje ep. ¢asti zubu.

13.5 d.p.c. 14.5 d.p.c.

Shh
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PROCEEDINGS

—— Of Proc. R. Soc. B (2009) 276, 1225-1233
THE ROYAL doi:10.1098/rspb.2008.1526
SOCIETY Published online 13 January 2000

Reiterative pattern of sonic hedgehog expression
in the catshark dentition reveals a phylogenetic

template for jawed vertebrates
Moya M. Smith">*, Gareth J. Fraser’, Natalie Chaplin', Carl Hobbs"
and Anthony Graham'
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D oral epithellum dental epithellum . Scshh expression . dental ectomesenchyme . cartilage

Figure 3. Schematic 1o show gene expression as sequential stages of odontogenesis. These are derived from composite
information from serial 7 um sections of whole-mount in $ilu-hybridized $hh expression at several woth sites along the jaw and
from 50 um gelatin sections where a through-focus series can be observed, Information is also obtained from a comparison
with routine histology as in figure 13-¢, where secondary cusps appear and new tooth germs form on the deep extension of
the dental lamina; each is associated with ectomesenchyme as dental papillse. (3) Restriction of gene expression to the
primary OB is in association with condensations of ectomesenchyme cells (arrows), (D) Focused intense $hh expression is
restricted to the epithelial thickening for a tooth germ (right arrow) on the epithelial dental lamina (d.lam) associated with
papilla ectomesenchyme. This occurs after the oral epithelium has infolded: no expression is seen in the oral epithelium,
except very faint expression localized to the lingual epithelium (left arrow) where the lamina epithelium is reflected onto the
oral surface but there i no condensed ectomesenchyme. (¢) The first wooth is at the morphogenesis stage with intense
shh activity (asterisk) in the two accessory cusps; below in the alternate series tooth germ intense $hh activity locates to the
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expression profile
Moya M. Smith'**, Masataka Okabe’ and Jean Joss*

'MRC Cowre -,MM King's Collagw London, London SH7 1UL, UK
Donsal Irosivute, Kings Colloge Lowdon, London SE} 98T, UK
" Deparmmont of Anasony, The Dbt Usioeniy School of Madicin, Tokye 105-846), Yapon
* Bickapenl Scewcer, Macguarse Ussversicy, Sydmey, New Sowsh Whles 2009, Anstabe

W report o tetaporal order of Looth sdditon n B¢ Artralun husgfinh where timing of %ooth inducson n
soguential 2 the wme pasern 3 osteichitwans alosg the lower jaw. The order of o mization n
Neocerasodvr starts froee e oudhne 1o, topether with Jeft snd right coes o v position I, followed by
and 2en 1. Thi is the pesern order Sor densary secrh of several sclooass azd wiar we proposs roprescnss 3
Mereetyped el tion patters shared with all esveschiirpnss, nchading the Svieg sisler group 10 ol tetrapoads,
the Actraban hagfh. Thh b contzary 10 provious oplziom St Se ungfhl denstica s odhcrwine
derrred and uniqodly Afferent. Sonw Andgviog (WAL expeesson i temely Socused 0N 100D positions s
dferene o corrmpoading with e fumadon order. This deploymest of abh & rogured for lusgfiah
Dooth IBACThon, 8 CYCIOPOmING Teatmans nesalts i complete loss of these weeth when appled bedone they
develop. The sempoeal segqoence of tooth nsiation is powmchly regulated by shh and b know to be roguired
for donmoion pettern n otwr osteikchohyans, Bcheding ochihed fud and wakes. This refiects a shared
developeacrrial peocom withh jewed vertebestos 2t @ lovel of e tooth msodude bt diffiers with the lack of
replacament wed

Mox. R Sec. B (200%) 276, 623 o
ot 19 19098 ngd 2008 | 964
ddnbed oo 1] Novernber 2008

Spatial and temporal pattern for the dentition in the
Australian lungfish revealed with sonic hedgehog
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Transformation of Tooth Type
Induced by Inhibition of BMP
Signaling

Abigail S. Tucker, Karen L Matthews, Paul T. Sharpe*

Mammalian dentitions are highly patterned, with different types of teeth
positioned in different regions of the jaws _BMP4 is an early oral epithelial
protein signal that directs odontogenic gene expression in mesenchyme cells
of the developing mandibular arch. BMP4 was shown to Inhibit expression of
the homeobox gene Barx-7 and to restrict expression to the proximal. pre-

Sumptive molar mesenchyme of mouse embryos at embryonic day 10. The
inhibition of BMP signaling early in mandible development by the action of
exogenous Noggin protein resulted in ectopic Barx-1 expression in the distal, g1 bea DMP 4 bead
presumptive incisor mesenchyme and a transformation of tooth identity from

incisor to molar. Fgit beads Fgt8 beods
Anterior Distal
(Oral)

Posterior
(Aboral)
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Fig. 3. Transforma- A —1Ib
tion of tooth identity |y . ssa incisor + Noggin

c —
from incisor to molar %
shape. (A through H) >
Teeth obtained from
E10 tooth germs that
were cultured for 2
days in vitro and im-
planted under host
kidney capsules. A G
section of the multi-
cuspid tooth shown in
(E) that was formed M
from a molar tooth .
germ cultured with a '
BSA bead is shown in
(A). Multicuspid teeth
that were formed from
incisor tooth germs cultured with Noggin beads are shown in
(B), (C). (F), and (G). (F) A tooth that has a distinctive broad n
molar shape and three cusps; a section of (F) is shown in (B),
(C) A tooth that has a narrow, indisor shape but has started to
develop multiple cusps that are more appropriate to molar
development; a section of (G) is shown in (C), This tooth is therefore classified as a molar-incisor hybrid.
(H) A conical-shaped tooth that was formed from an incisor tooth germ cultured with a BSA bead; a
section of (H) is shown in (D). (I and J) E11 mandibular arch explants that were cultured for 2 days with
Noggin beads and were subjected to DIG whole-mount in situ hybridization. The proximal-distal
boundary of expression of Barx-T1 is not effected by Noggin beads at this stage (1). At £11 onward, the
expression of Msx-1 expands proximally to include the condensing mesenchyme immediately under-
neath the developing incisor and molar tooth germs (2) (J). At this stage, Noggin beads are still able to
inhibit expression, as can be seen by the loss of Msx-T under the incisor bud that is nearest to the beads
arrow). Scale bars, 500 wm.
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Oral and pharyngoat Pharyngeal teeth
Tooth bud structure toeth n the medabas in the rebrafish

jnnlhl
tooth ondy

Fig. 8. Comparative schemsatic regresentation of evel expression patters (grey) during odontogenesss in the medaka and
Mtwmmmwhmmlnmmtblhnrnmm EM, early morphogenesis; LM, late
morphogenesis. ED, early differentiation; LD, late differentiation; de, dentine; dep, dental epithelsum; dm.dnulmm

e, epithelium (oral) or endothelam (pharyngeal); en, enameloid cap; ide, inner dental epathelium; m, mesenchyme; ode

mmunmpl.m
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aktivatory vs. inhibitory

WNT aup
FGF TGFE1

Fag. 2 Placodes s wpaalng comtery. (A) Sipnalng of the hair sad feathor placode. Postive signaling (activaton, sod) promotes placode developenent, wheres
scpative sigraling (mdubion, back) reprooes 8. The actvity of the mbibstons s believed 1o be preventiod mmide the developiag placode, whercas they can
A estade the placode 10 modiae Laneral isbebition. (1) Placodes can o visaliaad with whale mouss in seu Sybndizasos desecting the nestricang
ovpoession of many sigsaling molecsles . Molar Cammows ) snd ocinor (amosBeads) oot placodies express S (112 moose muandidle; & ongue ). Voo ad
mareerary glaod placodes (armows) are positive for Edor mRNA (E12 mosse cadryo). Har placodes eapeess Paschnd (E14 reouse cosbeyo, eapresoion can
abwo B¢ soem ot sails and joinds).
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Enamel knot

Anterior

Enamel knot:
primo fidi tvar a pozici z. hrboll
(prim., sek. i tercialni)

BMP2

u:’.':r

- '.s

R
Fig. 3. Regulation of tooth morphogencsis by the signalmg comter. the - '

enamel knot. More tham 10 signabing molecules are locally expressod m the
enamel knot (dark grees), and regulate the growth and marphogenesis of
rooth crown. The function of the enamel knot s regelatad by at least Edar
and LEFI. Wnt signaling mediated by LEF] ia the enamel knot uprogulates
FGF, which then imduces mosenchymal FGFs, promoting proliferation in
the cervical loops. SHH from the enamel knot acts via the mesenchyme to
regulate epithelial gromih specifically on the lingaal side of the tooth germ.
Lunatic frange (1L-Tng) peossmsably contributes o the modelation of cnamse]
knot signaling,

- v - o

Fig 6 A. The peimacy anamel knot iy visaalized i a frontal section through the cap stage tooth
perm (expression of Edar, the receplor for ectodysplasin). 8. Secandary enmamel knots of the
bell stage first mofar (left) profigure cusps. The second molar (right) is at cap stage and the
primary enamel knot is seen. (p21 expression, occlusal view of whole mount in sity
hybridization).




econdary enamel knot
in Mice and Voles
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GFP-SHHcre mouse

E14(14+1)

Enamel Knot
signaling center

Sonic Hedgehog, E15.25(14+225)

SHH, is a
developmental
regulatory gene
that marks the
position of the
tooth and cusps.

SEREY

E16 (1443)

Adult M1
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nd J. Jernvall, 1. Thesleff / Mechanisms of Development 92 (2000) 19-29 27
Determination Determination Determination
of tooth region of 100th identity of tooth shape
—a—®)]
—o—@ po -Incisors
e e —fore
forming th E
oboten S % ososia
o
socondary ¢
base darocth
cusp patien)
knots (in b -Molars
growth, Il
domaia in U
secondary ¢
.Th
s samaing mosue ==
famed alic

molars (Fij Fig. 6. Largely the same signaling maodules (soe Fig. 2) are reiterated from the woth initsation 1o the formation of cusps. [n cach iseration, the dental region is
secondary « partitioned into new compartments and a progressively larger sumber of the signaling domaiss are induced. The first partiioning involves the formation of
al., 1999), | tooth identity (incisor, canine, premolar, or molar identity) and may be regulated by differences in signaling (represented as &fferent shadings in the signaling
senocrine i Doxes) afier he determination of dental lamina of already price (0 lasisa formation (see for Escussion Weiss et al,, 1998ab), Generally, the premolss and
signaling fi maolar teeth have several cusgn but they can also be unicusped (¢.g. many scals); incisors can also have many cosgs (¢.g. flying lemurs, Dermopters), Deciduous
toward the cth (mifk teeth) are generally equal or more complex in morphology than their replacement seeth (toeth not shown). As the same genes are repeatedly wsed in
e S00th development, knockout experiments affecting signaling will mostly resalt in carly disruption of tooth development and aliso affect other organs sharing
the same signaling pathways (¢.g. Kratockwil et al, 1996, Hardcastle et al,, 1998; De Moerlooze et al., 2000).




An emerging pattern from experiments and
mathematical modeling: inhibition of the enamel knots
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Inhibiting enamel knots

ectodin (ak.a.: Sostdel, USAGI, wise), a BMP antagonist, member of DAN/Cerberus family
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-Zubni povrch je generovan zahyby epithelo-
mesenchymoveho rozhrani

-Kaspy jsou generovany enamelovymy uzly;

- Kaspy nemaji specificky geneticky kod - to, co je
dulezité, je celkovostni tvar
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Cell Lineage of Primary and Secondary
Enamel Knots

E Matalova.' GXS, Astonarakis.” P.T, Sharpe.” and AS, Tucker' ™

Recent rescarch indicates that comirel of cusp morphology involves a signalling center at the heart of the
developing teoth germ, known as the enamel knot. The primary enamel knot forms in both incisors and
molar tooth germas at the cap stage of tooth development. Secondary and tertiary enamel knots oaly develop
in molar tooth germs, These sit at the sites of future cusp tips from the carly bell stage of tooth deselopment
In studses describing the relationship between the primary and socondary enamed knots, it ix often asvsmed
that there is a cellular comtinuity between these structures, such that celis from the primary cosmel kaot
physically comtribute te the secondary enamel knots, We have devised o method whereby the developing
tooth germ can be cullured in frontal sbices with the enxmel knot visible. The fate of the primary coamel
knot cells can then be followed by 1,1, dicoctadecyl- 333 3 Aetramethylindo-carbocyanine perchlorate
(DD labeling, Using this method, no cells of the primary esamel knot were seen to move toward the
developing secondary enamel knots. Thus, although the primary and secondary enamel knots have a close
molecular and fusctional relationship in molar development, they are not actually derived from the same
eells, Develapmental Dymawmics 2AT754-759, 2005 ¢ 2000 Wiley-Liss, lne,
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Conservation of early odontogenic signaling
pathways in Aves

YiPing Chen*', Yanding Zhang*', Ting-Xing Jiang*, Amanda J. Barlow?®, Tara R. St. Amand’, Yueping Hu",
Shaun Heaney*, Philippa Francis-WestS, Cheng-Ming Chuong?, and Richard Maas*"

Teoth have been missing from Birds (Aves) for at least 60 million
years. However, in the chick orad cavity a rediment forms that
resembles the lamina 1tage of the mammalian molar tooth germ,
We have addressed the molecular bass for this secondary loss of
tooth formation in Aves by analyzing in chick embryos the status
of molecular pathvways known to regulate mouse tooth develop-

Barx], and Pax9 defines a potemtial chidh odontogenic region.
However, the expression of three molecules invelved in Tooth
nitiation, Bmpd, Msx 1, and Msx2, are absent from the presumptive
chick dental amina. In chick mandibles, exogencus bone morpho-
genetic protein (BMP) induces Msx expression and together with
fibroblast growth factor promotes the dewvelopment of Sonic
hedgehog expressing epethelal structures. Distinet epithelial ap-
pendages also were indaced when chick mandibular epithelium
wai recombined with a tssue source of BMPs and fibroblast
growth factors, chick skin mesenchyme. These results show that,
although latent, the early signaling pathways involved in odon
togeness remain inducible n Aves and suggest that loss of
odomogenic Bmpd expression may be responsitie for the early
arrest of tooth development in Sving birds.
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The Development of Archosaurian
First-Generation Teeth

in a Chicken Mutant

Matthew P. Harris,'** Sean M. Hasso,’
Mark W.J. Ferguson,” and John F. Fallon"*

' Department of Anatomy
University of Wisconsin
1300 University Avenue
Madison, Wisconsin 53706
ZFaculty of Life Sciences
University of Manchester
Manchester M13 9PT
United Kingdom

Summary

Modern birds do not have teeth. Rather, they develop
a specialized keratinized structure, called the rham-
photheca, that covers the mandible, maxillae, and pre-
max|ilae. Although recombination studies have shown
that the avian epldermis can respond to tooth-Induc-
tive cues from mouse or lizard oral mesenchyme and
participate in tooth formation [1, 2], attempts to initiate
tooth development de novo In birds have falled, Here,
we describe the formation of teeth In the talpld”
chicken mutant, Including the developmental pro-
cesses and early molecular changes associated with
the formation of teeth, Additionally, we show recapitu-
lation of the early events seen in tajpid” after in vivo
activation of 3-catenin in wild-type embryos. We com-
pare the formation of teeth in the talpid® mutant with
that in the alligator and show the formation of decid-
edly archosaurian (crocodilian) first-generation teeth
in an avian embryo. The formation of teeth in the mu-
tant is coupled with alterations in the specification of
the oral/aboral boundary of the jaw. We propose an
epigenetic model of the developmental modification
of dentition in avian evolution; in this model, changes
in the relative position of a lateral signaling center over
competent odontogenic mesenchyme led to loss of
teeth in avians while maintaining tooth developmental
potential,
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Figure 2. Toom Developmentsl Pattreanys Are Initisted in ta”

A~C and G~) Ventral view of the upper jaw.

{O-F and J-L) Dorsal view of the assockated lower jaw.

(A and O} 2% expression in developing first-generation teeth of 4 520
[40] aligator embryo (white arrows). shh expression siso marks a kn-
oar domain betwoon forming tooth primordia thought to be the loca-
tion of dental lamina formation (iack arows).

(8, C, E, and F) shh expeession in the oral cavity of E10 ' mutant
(B and E) and its absence in wild-type siblings IC and F) are shown,
ta’® mutants show punctate, circular placodes on the maxifae and
mandible fwhite arrows, [B and E}), and a similar linear expression
domain along the aboenl boundary is s00n & in the alligator
(A snd D), black arows).

(G~-L) WMISH analysss of pdo (E10, (G and JJ), pita2 (E8, [M and K]),
and bmp4 {E8, {1 and L)) In the ta® mutant compared with age-
matchod wikd-type sblngs (raets).
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Developmental Potential of the

OralVAboral Epidermis

As shown in recombination studies, the avian ectoderm
and mesenchyme both have potential to participate in
tooth development. Given the association of the ob-
served outgrowths and the novel position of the oral/
aboral boundary in the mutant, we postulated that initi-
ation of tooth programs in the ta” chick was due to the
developmental repositioning of an epithelium with sig-
naling potential to overlie mesenchyme competent to
form teeth.
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Developmental genetic mechanisms of evolutionary tooth
loss in cypriniform fishes ﬂs
David W. Stock*, William R. Jackman and Josh Trapani' A )
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Fig. 8. Comparison of gene expression and hypothesized Fgf
signals (arrows) between Astyanax and the zebrafish.
(A.B) Transverse views of the left side of the mandible, Lateral epithelal
and mesenchymal gene expression common to both species is Fgf
dependent. Loss of a medial Fof signal to the epithelium is
hypothesized to have caused cypriniform 1ooth loss. See text for basis
of hypothesized ligand sources. (C.D) Lateral views of selected features
of mandibular epithelial expression, pitx2 and shh expression common
10 both speces s Fof independent. The 2ebrafish may lack a domain of
overlapping o2 and shh expresson cormesponding 1o a tooth germ
(marked by dix2a and db2b expression n Astyanax).,




Eore the sec

-
S§B|B|C]
> - 1 o
NEWS W ONE-MINUTE WORLD NEWS )

vy - %
T 'Dracula’ fish shows baby teeth

Americas

Aale-Pacite espondant, BEC News website

-
OF 0 | i Proc. R. Soc. B
THE ROYAL i“‘I'\ {F'rstcne doi:10.1098/rspb.2009.0141
SOCIETY / . )

et Published online

Spectacular morphological novelty in a miniature
cyprinid fish, Danionella dracula n. sp.
Ralf Britz"*, Kevin W. Conway” and Lukas Riiber'

' Department of Zoology, The Nasural History Museiom, Cromnwell Road, London SW7 SBD, UK
Department of Biology, Saint Losis University, 3507 Laclede Avenue, St Lowis, MO 63103-2010, USA

Danionella dracula is a new species of sexually dimorphic, mini: and highly d: v truncated
cyprinid fish. Compared with its close relative, the zebrafish Damio rerio, it lacks 44 bones or parts thereof
and represents one of the most developmentally truncated vertebrates. Absence of the majority of bones
appears to be due to developmental truncation via terminal deletion. In contrast to these larval-like
features, D. dracula also shows several hyperossifications. Uniquely, among carp-like fishes, male D, dracula
have a series of long, pointed odontoid processes on the jaws greatly resembling the jaw dentition of teleosts
with true teeth. The anterior-most process in each jaw is ded asa & like fang jecting through
the epithelium. True jaw teeth are absent from all 3700 species of cypriniforms and were lost at least in the
Upper Eocene. It remains 1o be investigated, however, whether the conserved pathways to regulate tooth
development in cypriniforms have been used in I). dracula to form and pattern the odontoid processes.

This new species represents a remarkable example linking prog: phosis via h h
change in d timing to the ion of mor novelties.
Key D U ; jaw teeth; mi 1tr

evolutionary novelty
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