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eDiversidad morfolégica, comportamental y ecoldgica.
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*50000 especies vivientes descritas (1/10 de las extintas).
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Dos procesos son particularmente relevantes en el éxito evolutivo de los cordados:
la formacion del plan corporal de los cordados

el origen de los caracteres de los vertebrados

Estudios comparativos del genoma ha revelado el papel significativo de la

duplicacion de genes, incluidas la duplicacion completa del genoma, la cual da
origen a la expansion de las diferentes familias de genes.



En el principio



Bacteria Archaea Eukarya

Common ancestral community of primitive cells

Copyright © 2005 Nature Publishing Group
Nature Reviews | Microbiology

El arbol de la vida

Al menos 7 eventos de transferencia
horizontal (Ciccarelli et al. 2006)
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Eucariotas

Citoesqueleto: microtubulos de Tubulina y microfilamentos de actina. Ancestralmente
incluyendo extensiones moviles, los flagelos o cilias, que contienen un axonema de 9
dobletes microtubulraes perisféricos y 2 dos microtubulos centrales.

Sistema de endomembranas que consisten de reticulo endoplasmico, cuerpos de Golgi,
vacuolas, lysosomas, peroxisomas y cubierta nuclear.

Genoma primario de cada célula consistente de multiples cromosomas lineales contenido
en un nucleo rodeado de membrana. Luego de la replicacidon del genoma los
cromosomas se segregan por el proceso de mitosis.
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Eucariotas

Mitocondrias, organelos con diversas funciones, generalemente respiracion aerobia,
sintesis y breakdown de pequeias moléculas como los lipidos y los aminoacidos. Las
mitocondrias estan rodeadas por dos membranas y usualmente contienen un pequeio
genoma. Descendientes de un endosimbionte alpha-proteobacterial.

Maquinaria de traduccién en la forma de ribosomas 80S, cada uno con cuatro moleculas
de ARN y muchas proteinas, particionado en dos subunidades (40S) y (60S).
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Eucariotas

Reproduccidn sexual

Fecundacion: fusion de dos células sexualmente diferentes y de su nucleo
Sexo: diferenciacidn bipolar la cual condiciona la fertilizacién

Entonces la Reproduccidon Sexuada involucra la combinacion secundaria de la fecundacién y la
reproduccion. O la bipolaridad conectada por la fecundacion.

La fusidn de células requiere luego un mecanismo que corrija la duplicacion del material
genético: Meiosis Meiosis, or sex cell division /
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At the onset of meiosis, DNA Homologous chromosomes pair  The bivalents duplicate to form In metaphase |, the tetrads,
strands thicken into chromosomes. to form bivalents. The centrioles  tetrads, or four-chromatid groups attached to spindle fibers at
Homologous, or like, chromosomes divide and move to opposite The nuclear membrane disintegrates. their centromeres, line up at
begin to approach each other. poles of the cell. Crossing over (recombination) occurs. mid-cell.
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In early anaphase |, the tetrads In late anaphase |, the chromatids  In telophase |, nuclear membranes The first meiotic division ends.
separate, and the paired chromatids have almost reached the spindle enclose the separated chromatids. There are now two cells, each
move along the spindle to their poles. The cell membrane begins  The cell membrane completes its with the same number of
respective centrioles. to constrict. constriction. chromatids as the parent cell.
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Prophase Il DEgl}TS. In the second In metaphase Il, the chromatids In anaphase I, the now-separated Telophase Il has been completed.
meiotic division, homologous line up at mid-cell. The centricles chromatids approach their There are now four cells, each
chromatids do not duplicate but and asters are at the poles. respective poles. The cell membrane  with half the number of
merely separate. A spindle has formed. begins to constrict chromosomes of the parent cell.
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Green plants (green algae, including prasinophytes, and land plants)
Rhodophyta (red algas)

Glaucophytes (microalgas with uniguely cyanobacteria-like chloroplasts; e.g. Cyanophora)

Choanoflagellates (collared-flagellstes)
Filasterea

Opisthokonts

lchthyospores

Urikarts Fungi {mushrooms, sac fungi, yeast, molds, rusts, smuts etc))
e e ]
Mucleariidae (filoze amoebae; e.g. Mucleariz)
Amoehozoa (a group of amoshae, slime molds, and parasitic protists)

Cercozoa (amoeboflageliates; e.g. euglyphids, chlorarachniophytes)

Fhizaria

Foraminifera {complex cells with reticulopodia and a testishell)
Radiolaria (Polycystina and Acantharia)

Al

Chromalveclates Alveolgtes (dinoflagelates | ciistes and apicomplexan parasites)

e e ]

Stramenopiles (e.g. water molds, distoms, brown algae, chrysophytes)

Hacrobia (Haptophyta, Cryptomonads, etc.)

Malawimonads

Discicristates Euglenozoa (euglenids, diplonamids and kinetoplastids; e.g. Euglena and Trypanosoma)
Heterolobosea (amoeboflagelstes with discoical mitchondrial cristag)

Jakobida (fres-living, heterctrophic flagellates)

Parabasalids (trichomonads and hypermastigotes, e.g. Trichomonas and Trichanympha)
Fornicata (diplomonads and retortamonads; e.g. Giardia and Chilomastix)

Preaxostyla (oxymonads and Trimastix)
7E Protists of uncertain placement



7w Acoela (flatworms)

Metazoarios (34-37 phyla): Pt e

" %

Chaetognatha

‘_!Ecdysozua

*Matriz extracelular compuesta de colageno,
proteoglicanos, glicoproteinas adhesivas e integrina
(todos componentes estructurales entre las células).

Ctenophora

Gastrotricha

Las propiedades mecanicas de estas moléculas son e
' Gnathostomulida

extremadamente importantes: pueden mineralizarse Vo
para formar huesos, conchas o espiculas. |

*Proteina Kinasa para la senalizacion celular.

Rotifera &
Acanthocephala

*Uso de RFamide y la acetilcolina como
neurotransmisores.

*Varias caracteristicas de la gametogénesis.




Bilateria o Nephrozoa

*Organismos con simetria bilateral que les da un claro eje antero-posterior.

*Tres capas embrionarias: endo, ecto y mesodermo. Esta ultima forma los musculos y la
mayoria de los drganos localizados entre el tracto digestivo y la cubierta externa del animal

(en los Vertebrados también los sistemas circulatorio y esquelético).

*La mayoria muestran cefalizacion: la tendencia evolutiva a la concentracion de estructuras
sensoriales en la parte anterior del cuerpo.




Deuterostomata (Cordados + Ambulacraria)

Fig. 1 Summary ofrelationships
within Metazoa. Nodes labelled
with circled letters (taxon-name
abbreviations) have received
broad consensus
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Deuterostomados

*Blastoporo tipicamente se transforma en el ano del adulto, mientras que la boca se
desarrolla como una nueva apertura al final del Arquenterdn.

*Clivaje radial

*Enteroceloma (capas del mesodermo forman bolsillos desde el TD para formar la cavidad
corporal)

*Esqueleto calcificado que cuando presente deriva generalmente del tejido mesodérmico.

| \./, Ciliated band \
» - W/ Y/
‘ g Coelom 1

) / Coelom 2/
/\ Coelom 38— |

\\
Blastopore (anus) il

A. Bipinnaria larva B. Tornaria larva
(echinoderm) (hemichordate)

™ FIGURE 2-5

Comparison of echinoderm and enteropneust larvae.

A, Bipinnaria larva of an echinoderm. B, Tornaria larva of

a hemichordate. In addition to the ciliated bands that are

used for locomotion, note the overall similarity in larval
shape, the organization of the gut cavity, and the tripartite

)) coelom. We regard this type of larva as synapomorphic for

S esoorn deuterostomes.




Chordata



Chordata (Origen aprox. 544 millones de afios)

Dorsal hollow
nerve cord

Y -
Postanal tail

Pharyngeal slit in pharynx

Notocorda

Connective tissue
sheath

Collagenous
sheath

eBaston alargado y flexible (que no se colapsa) que surge
de la pared dorsal del TD embrionario. Se ubica dorsal al
celoma pero por debajo y paralelamente al sistema
nervioso central.

Vacuole in
notochordal
cell

eCentro celular y fluido (generalmente en vacuolas
celulares o entre células) encapsulado en una capa dura
de tejido fibroso.

-

Without With
notochord notochord

*En |la evolucidn del grupo es reemplazada por la columna
vertebral, aunque se retiene a nivel embrionario. ﬂ




(a)

V-shaped
Cerebral Notochord Nerve cord segmental
vesicle myomeres

S 1% Pharyngeal
4— Circumoral —> Dorsal nerve cord 3 = slits
"=y ciliated band

Ciliated — Endostyle
adoral band

Gut (unmuscularized)

» Gut

(unmuscularized) ~ Single-chambered

"heart"
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L “""“"lllll SERIPAL))
. <«
>
ot
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. Cranial 2 i S Archinephric
sense duct
Thyroid Gut
organs Three-chambered (muscularized)
heart
Gill slit Gill bar Pancreatic
Chordate body plan (cartilage) tissue
Pharynx
(muscularized)
Endostilo

eLampreas larvales, Procordados adultos. Estructura ciliada, hendidura glandular en el

piso de la faringe que segrega moco y es usada para atrapar alimento en la alimentacion
por filtrado. Homologa con la glandula tiroides de los vertebrados (se ve la

transformacion directamente en la metamorfosis de la lamprea). Ambos concentran
yodo (del agua circundante o de la sangre).

*En los Craniados (animales de mayor tamaio) este sistema es ineficiente y las
corrientes de agua son impulsadas por musculo.




Dorsal hollow
nerve cord

Y -
Postanal tail

Pharyngeal slit in pharynx

Cordon Nerviosa Dorsal y Tubular

Derivada del ectodermo por un proceso de invaginacion. Las futuras células nerviosas
tubulares del embrién cordado se juntan dorsalmente en una placa neural engrosada
dentro de la superficie del ectodermo.

Cola Post-Anal

Elongacion posterior del cuerpo que se extiende mas alla del ano. Primariamente una
extension del aparato locomotor, la musculatura segmentada y la notocorda.




. - Dorsal hollow
A, nerve cord

ffﬂ‘“bg[Notochord
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-
rostanal:ail Pharyngeal slit in pharynx

¢Hendiduras Faringeas?

Temprano en el desarrollo embrionario y puede persistir en el estado adulto, o
desaparecer antes del nacimiento o eclosion.

En evolucion temprana funcién alimenticia, luego se asociaron con tejido respiratorio
(branquias) pasaron a también a participar en la respiracion.

En grupos basales la faringe se expande en una cesta faringea y las hendiduras y sus
paredes se multiplican en nimero aumentando la superficie de area expuesta a la
corriente de agua.

Moco que cubre la faringe captura particulas de alimento de la suspension.




eEstas caracteristicas pueden estar presentes solo brevemente durante el desarrollo
embrionario o pueden persistir en el estadio adulto. Lo claro es que los cordados las
exhiben siempre en algin momento de sus vidas.

eAdemas los cordados presentan simetria bilateral y segmentacion. Es decir que bloques
de musculo (miomeros) se ordenan secuencialmente a lo largo del cuerpo y cola como
parte de la pared externa del cuerpo.

Ancestria de los Cordados

El registro fdsil no preserva evidencia directa de formas intermedias entre cordados y
otros animales, sin embargo podemos usar la diversidad de los animales vivientes y
las caracteristicas que comparten (morfoldgicas y gendmicas) para inferir el origen de
los cordados.

Debate actual.

Casi todos los phyla de invertebrados han sido propuestos en algiin momento como el
mas cercano a los cordados.




Figure 1| Phylogenetic analyses of genomic data strongly support the
grouping of tunicates and vertebrates into Olfactores. ML tree obtained
from the analysis of 33,800 aligned amino acid positions under a WAG
substitution matrix plus a four-category gamma rate correction (o = 0.5)
using two independent reconstruction algorithms (see Supplementary
Information). Weighted maximum parsimonyand bayesian inference using

the same WAG + F + T'y model and WAG + F + T, plus covarion model
also retrieved the same topology (see Supplementary [nformation).
Bootstrap proportions obtained after 100 ML (red} and 1,000 MP replicates
i(blue), as well as bayesian posterior probabilities (black) are shown for
selected branches. A star indicates that all three values are maximal [ 100%,
100% and 1.0). Scale bar indicates number of changes per site.




Outgroup
(e.g., arthropods)

Sea lillies
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Amphioxus
(Cephalochordata)
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Figure 1. Current deuterostome phylogeny, according to available molecular and morphological data. Dotred lines, clades of
uncertainty where conflicting dat have been obtained . I and Il mark clades where the evidence for a monophyletic group is very
high. (I} Ambulacraria is made up of hemichordates and echinoderms. Mitochondrial, ribosomal and genomic evidence are in
accord for this grouping. The Ambulacraria develop similarly through gastrulation and share larvae that feed by ciliated bands,
strengthening their sister group relationship. Genomic evidence suggests that xenoturbellids may be a sister group to the
Ambulscraria, but it is also possible that they are an ow-group to the rest of the deuterostomes. (II) Chordates are a
monophyletic group that share a specific body plan, but mitochondrisl and genomic evidence are in conflict about the posidon of
the tunicates. Mitochondrisl and ribosomal evidence place cephalochord stes as sister group to the vertebrates, whereas genomic
evidence places tunicates as the sister group to the vertebrates, Adapted from Zeng & Swalla (2005).
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FIGURE 4.1 Molecular phylogeny of deuterostome taxa within the metazoan tree. Echinoderms
are shown in fight green, hemichordates in magenia, cephalochordates in vellow, wrochordates in
dark green, and vertebrates in Bliwe. This maximome-likelihood treg was obtained with a supermatrix
of 506,428 amino acid residues gathered from 1564 orthologous genes, using a ['+LG model
partitioned for each gene. Plain circles at nodes denote maximal bootstrap support. (From Simako,
., Kawashima, T., Marlétaz, F., Jenkins, J., Kovanagi, R, Mitros, T, Hisata, K., Bredeson, J.,
Shoguchi, E., Gyaja, F, Yue, LX., Chen, ¥.C., Freeman, R.M., Sasaki, A., Hikosaka-Katavama, T,
Sate, A., Fufie, M., Baughman, KW, Levine, J., Gongalez, P, Cameron, C., Fritzenwanker, J.H.,
Pami, AM., Goio, H., Kanda, M., Arakaki, N., Yamasaki, 5., OQu, J., Cree, A, Ding, ¥, Dinh, HH.,
Dugan, 5., Holder, M., Jhangiani, S.N., Kovar, C.L., Lee, 8.L., Lewis, L.R., Morton, D)., Nazareih,
LV, Ofwuonu, ., Santibanez, J., Chen, R., Richards, 5., Muzmy, DM, Gillis, A., Peshkin, L.,
Wu, M., Humphreys, T, Su, YH., Putnam, N.H., Schmuiz, J., Fujivama, A, Y, J K, Tagawa, K.,
Worley, K.C., Gibbs, RA., Kirschner, MW, Lowe, C.J, Satoh, N., Rokhsar, DV.S., Gerhart, J., 2015
Hemichordate penomes and deuterosiome origing. Nature 527, 450464, )




Cephalochordata (35 especies)

A Ambulacraria

Echinoderms *
—— Asymmetron

— Hemichordates \5 _
-

— Epigonichthys

Cephalochordates

— Tunicates ‘

wor Vertebrates Q —

Chordates

Deuterostomes

Branchiostoma

nerve chord segmented post-anal
notochord\\ e muscles tail

atriopore

Figure 1. Deuterostome phylogeny and body plan for amphioxus. (A) Deuterostomes are subdivided into ambulacraria (echinoderms and
hemichordates) and chordates halocho vn as amphioxus or
lancelets, are further divided into three genera: Branchiostoma, Epigonichtys and Asymmetron. Whole genome duplication (WGD) occurred specifically
in vertebrates. (B). Photograph of a Branchiostoma lanceolatum s en exhibiting the typical body morphology shared by all ceph ordates

The body is elongated, with pointed extremities hence its nam comes from the Greek "amphi = both” and "oxus = poi i
chordate synapomorphies are indicated, such as the dorsal nerve chord and notochord, pharyngeal slits, segmented muscles and gonads, atriopore,
caudal fin and post anal tail. Anterior is to the left and dorsal to the top.

tes, tunicates and vertebrates). Cephalochord

h are commonly kn

series of

Pequefios filtradores (ciliares) marinos bentonicos
Tres géneros: Branchiostoma, Epigonichthys, Asymmetron

Por su posicion filogenética y su morfologia estereotipica y aquitectura genémica son
modelos clave para entender la evolucion de los cordados



Cephalochordata (35 especies)

Fin-ray boxes Dorsal fin

Myomere Caudal fin

eLarvas marinas pelagicos

e Adultos costeros enterrados ST = =
1 [ isi RIS o o \l/\} egmentall arrane:,Ira ::a s
eCaracteristicas clasicas de cordado cratem @ Metapleura oid Segmentall aranged gonad

A. External view of left side
eAunque notocorda de estructura

Pharynx Esophagus
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diferente (muscular) Notohors VT B
= mansent®® - = *
e Contacto musculo-cuerda dorsal e et
ta m b ien muscu Ia r o Water . s lleocolon ring Atiggors Anus - opens on
. ., . . , Pharyngeal bar  Epipharyngeal groove Endostyle Cecum left side of body
eCirculacién simple sin corazén B Goners/ el anstomy
Paired dorsal ~ Cecal Sinus Dorsal Dorsal & ventral
aortae reticulum  venosus aorta segmental arteries

Intestinal vessels
& reticulum

Subintestinal vein Postcardinal vein

Corddn nervioso

d Cecal vein
orsal Branchial artery  Branchial bulb  Ventral aorta Anterior cardinal vein
«Cola»
muscular

C. Circulatory system

Neural tube Notochord  Myomere  Fin-ray box
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Pigment spot \ \
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-de los miotomos
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Vaina
notocordal

Células musculare
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muscle

Velar tentacle Pharyngeal Tongue
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D. Anterior portion of body




planktonic life style (2)
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metamorphosis
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El desarrollo embrionario temprano sigue un camino intermedio entre los ambulacrales
y los vertebrados: Blastula tipo estrella de mar, Gastrula tipo Urocrodado y Neurula tipo
vertebrado.

La metamorfosis estd mediada por hormona tiroidea



Urochordata (3000 especies)

eCaracteristicas de los Cordados: Notocorda, Cola postanal, Hendiduras faringeas con endostilo,
Cuerda Nerviosa dorsal y hueca

eFiltradores marinos

eRodeados de una tunica (tunicina) un tipo de celulosa. Estos son los unicos animales capaz que
sintetizar celulosa aparentemente a través de una trasferencia horizontal de los genes de la
sintesis de la celulosa

eLa tunica podria funcionar como una estructura protectora similar a la concha de los moluscos
eLos tunicados presentan gran diversidad de estrategia de historias de vida: solitarios, coloniales
sésiles, de vida libre y de reproduccion asexuada.




Ascidiacea
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Clase Larvacea (Apendicularia)
ePlanctodnicos filtradores
¢Sin estadio larval

eMayoria hermafroditas protandricos

eClaves en la red trofica

Incurrent

Feeding
filter

Screen

Gelatinous
matrix

(@)

Right
stomach
lobe

Excurrent ,“/"
opening /7
&7

(b)

w— Mouth

} Trunk

Endostyle

7 Tail

Cecum

Left
stomach

Right lobe

stomach Esophagus
lobe
Pharyngeal
Anus slit
9 Prebuccal
Endostyle {1 gland
Mouth

Notochord

(c)




Clase Ascidiacea
eColoniales o solitarios

B = (. eLarva planctdnica: no se alimenta, fase dispersiva
D B o e Adultos sésiles: hendiduras faringeas
Turic eNotocorda, luz extracelular rellena de liquido
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™ FIGURE 2-6
Anatomy of a colonial adult ascidian. (Modified from Jollie.)



FIGURE 1.5 Urochordates (Tunicates). The ascidian, Ciona intestinalis. (A) An adult with oral
(incurrent) and atrial (outcurrent) siphons. The white duct is the sperm duct and the orange duct par-
alleling it is the oviduct. (B) Diagram illustrating adult organs and tissues. (C-L) Embryogenesis.
Embryos were dechorionated to reveal their outer morphology. (C) Fertilized egg, (D) 2-cell
embryo, (E) 4-cell embryo, (F) 16-cell embryo, (G) 32-cell embryo, (H) gastrula (~150cells), (I, J)
neurula. (K, L) tailbud embryos, and (M) tadpole larva. (N) Diagram illustrating larval organs and
tissues. (O) A juvenile a few days after metamorphosis, with internal structures labeled.



Clase Thaliacea (salpas)
ePelagicos o coloniales

eCiclo de vida complejo: varios estadios intermedios entre larva y adulto (siempre un
estadio colonial)

Water in
Anterior aperture

=T Branchial siphon

eReproduccidn sexuada y asexuada
eHendiduras faringeas
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Craniata

La evolucion de muchas de las caracteristicas
de los craniados estan correlacionadas con su
relativo alto nivel de actividad y gran tamano.

Generalmente cabeza bien distinguida del
cuerpo (cefalizacion).

Placodas neurogénicas (Unicas para los
craneados):

Engrosamientos del ectodermo que se
invaginan o delaminan para formar células

sensoriales receptoras y neuronas sensoriales:

nariz, oidos, linea lateral, sistema
electrosensorial, sistema gustativo.
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™ FIGURE 2-11

Diagram of major organ systems of craniates, based on a gnathostome

A, Lateral view. B, Mid-sagittal section
atly simplified, and some (e.g., most of the cranial nerves) are not shown



Cerebro tripartito: extremo anterior del tubo neural.

Proencéfalo (integra informacion olfatoria)
Mesencéfalo (integra informacién visual y sonora)
Rhombencéfalo (region de transicidon entre el cerebro
y la espina dorsal). También recibe informacion del
sistema gustativo, el oido, la linea lateral y los érganos
electroreceptores.

Todos protegidos por el Craneo (hueso o cartilago)

Hueso (fosfato de calcio) es Unico para los Craniados



Animales muy activos necesitan:

Columna Vertebral (locomocion).
Vértebras se desarrollan alrededor del tubo
neural y la notocorda.

Aumento de actividad y tamafo necesitan:

Aumento de actividad metabdlica: mas consumo
de oxigeno, alimento, mas capacidad de digestién
y absorcion. Complejo sistema enddcrino
regulatorio del metabolismo.

Branquias (formadas en las paredes de las
hendiduras faringeas y soportadas por los arcos

branquiales)

Tubo digestivo muscularizado.
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Diagram of major organ systems of craniates, based on a gnathostome.

\, Lateral view. B, Mid-sagittal section. C, Frontal section. Many features are
greatly simplified, and some (e.g., most of the cranial nerves) are not shown



Cresta Neural: Unica de los craniados.
Grupo de células embrionarias que se separan del
tubo nervioso en desarrollo.

Migracion a muchas partes del cuerpo dando lugar a
muchas estrcuturas importantes y también regulan

varios aspectos del desarrollo.
Dorsal edges Neural Neural

of neural plate  crest crest

*Esqueleto branquial

*Neuronas motoras que inervan los
musculos del tubo digestivo.
*Neuronas senoriales de la piel
*Dentina de los dientes

*Todas las células pigmentadas
*Partes de 6rganos enddcrinos , I

Ectoderm Ectoderm

Neural
tube

Notochord
(a) (b)
Copyright & Pearsen Educatlon, Inc., publishing as Benjamin Cummings.
0Jo!
Los Urocordados tienen un tipo celular similar a la

cresta neural!



Origen de Chordata



La teoria Anélido inverso
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FIGURE 2.31 Summary of Garstang’s view of
vertebrate origins. Beginning with an echinoderm larva,
Garstang proposed a series of literal evolutionary steps through

the larval stages that involved paedomorphosis and eventually
produced chordates.
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Filter feeding i Active predator
(suspension feeding) (Iarge food) Ostracoderms

Cephalochordates /\
®

7N
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FIGURE 2.32 Dipleuruloid
theory of chordate evolution. The
tendency to abandon a more sedentary
lifestyle of filter feeding in favor of a
more active predaceous life initially
favored development of a prechordate
with notochord, muscular tail, and dorsal
hollow nerve cord. Continuation of this
trend gave rise to vertebrates, but
urochordates and cephalochordates
reversed the trend and returned
secondarily to suspension-feeding habits.

Echinoderms

e Ancestro comun de Hemicordados y Equinodermos: caracteristicas comunes.
eHendiduras faringeas de Hemicordados derivadas secundariamente.

ePrecordado predador | »
eLinea de los cordados mediada por aumento de tamafo y cambios troficos

asociados




Hipotesis Calcicordata

Richard Jefferies (1986). Los cordados habrian evliucionado de un linage de
Equinodermos fosiles, un clado llamado Calcichordata.

Aunqgue esta hipotesis no tiene soporte, indica que los equinodermos extintos

tenian faringe.
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FIGURE 2.4 Calcichordate hypothesis. (A) A hypothetical larva of primitive echinoderms.
(B) Diagram showing changes in the left-right asymmetry in Dexiothetes (echinoderms + chor-
dates) results from dexiothetism—an episode in their ancestry when an animal resembling the
recent pterobranch, Cephalodiscus, lay right-side downward on the sea floor. (c) Mitrate left-
right organ paring. (C) The body plan of the carpoids. (d) Head of the mitrate (dorsal view).
(e) Transverse section through b-b in d. (f) Transverse section of the cornuted through c—c in
g. (g) Head of the cornuted (dorsal view). In the origin of mitrates, a right pharynx branched
from the left pharynx, lifted up the cavity and contents of the right mandibular somite, and
faced them into a medial position hanging from the top of the head. Black indicates skeleton.
(From Jefferies, R.P.S., Brown, N.A., Daley, P.E.J., 1996. The early phylogeny of chordartes
and echinoderms and the origin of chordate left-right asymmetry and bilateral symmetry. Acta
Zoologica (Stockholm) 77, 101-122.)



eNotocorda antes de Hendiduras Faringeas?

eCefalocordados los Deuterostomados mas ancestrales?

eProblema General de interpretacion de Homologias

Nerve cord

Notochord

BOX FIGURE 2 Evolution of pharyngeal slits suggested by Gutmann. Pharyngeal
slits evolved after the notochord. They could not have arisen before because open slits in
the lateral body wall would have disrupted the hydrostatic skeleton by allowing fluid to
escape. Slits appear first at the corners of the mouth (left), where they allow filtered water
to exit. As they enlarge (middle and right), the body flanks weaken, favoring the
evolution of vertical supportive rods between successive pharyngeal slits.
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FIGURE 2.5 A sessile or free-living chordate ancestor. (A) The origin of advanced chordates,
represented here by amphioxus, from a series of sessile ancestors, which is essentially the GBR
(Garstang-Berrill-Romer) hypothesis, as expounded variously by Garstang, Berrill. and Romer.
Ancestral adults remain sessile whereas their motile larvae evolve progressively in two steps. The
first is to (1) a tadpole-like protochordate and then to (2) a more advanced and fully motile form.
(From Lacalli, T.C., 2005. Protochordate body plan and the evolutionary role of larvae: old con-
troversies resolved? Canadian Journal of Zoology 83, 216-224.) (B) The main alternative to the
GBR hypothesis. Throughout the evolutionary sequence. the ancestral adult is assumed to be a
motile, somewhat vermiform animal, either swimming or burrowing. A selection of its descendants

(A) Los adultos ancestrales pemanecen
sésiles mientras sus larvas moviles
evlucionan en dos pasos:

(1) procordado tipo renacuajo
(2) forma mas avanzada
completamente movil.

(B) Adultos maoviles gusanoides
(vermiformes) (nadadopres o cavicolas)

(C) Ancestro de los deuterostomados
forma movil de vida libre. Ancestro de los
Cordados y Vertebrados también



Avances en genética del desarrollo reavivo la teoria del anélido invertido: posicion de
los genes responsables de la formacion del eje principal del cuerpo.

(A) Annelid typhlosole

(B) Enteropneust

collar cord

proboscis collar

stomochord pygochord

(C) chordate (upside down)

<

FIGURE 2.6 A modern inversion hypothesis. Comparison of generalized body plans of an
annelid (A), an enteropneust (B), and a chordate (C) with the chordate turmed upside down. The
direction of blood flow (arrows) and the relative positions of the gut (green), the principal nerve
cord (yellow), and the chordate notochord/enteropneust pygochord (brown) are the same. Likewise,
the paired hepatic outpockets in the enteropneust lie in a region comparable to the typhlosole
(blue) in the annelid and to the liver in the chordate (dark green). Note that the proposed homology
between the enteropneust stomochord and the chordate notochord has been repeatedly contested.
The arrowhead indicates the position of the mouth in the putative gastroneuralian ancestor of chor-
dates. Note that the functional mouth of the chordate 1s a new mouth. (Modified from Niibler-Jung,
K., Arendt, D., 1996, Enteropneusts and chordate evolution. Current Biology 6, 352-353.)



Hipotesis de dorsalizacion aboral
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FIGURE 2.7 Schematic outlining the aboral dorsalization hypothesis. It explains the devel-
opment of fish-like larvae with a dorsal neural tube and notochord during chordate evolution.
Embryogenesis of (A-C) hemichordates and (D-F) chordates. It should be emphasized that the
neural tube and notochord formed on the dorsal side of the embryo are completely novel structures
without any relationship to the collar cord and stomochord of enteropneust hemichordate juveniles,
respectively. AQ, apical sensory organ; CB, ciliary band: NT, neural tube; NO, notochord. White
arrows indicate mouth and black arrows anus. See the main text for details. (From Satoh, N., 2008.
An aboral-dorsalization hypothesis for chordate origin. Genesis 46, 614-622.)



Ancestros (registro fosil)

Pikaia (Burgess)
*Notocorda
eHendiduras faringeas
eMytomos
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Ascidiaceae del Cambrico en China.

Bt, tentaculos bucales; Cs, sifon cloacal,
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Figure 1. Deuterostome and chordate phylogenies. (al Consensus view of deuterostome phylogeny. Echinoderms and hemichordates establish the Ambulacraria and
represent the sister group of all other living deuterostormnes. Within the chordates, tunicates are the sister group of all other chordates. Cephalochordates are the sistergroup
of vertebrates, which include hagfish, lampreys and gnathostomes. Hagfish and lampreys (as the cyclostomes) group together and represent the sister group of the
gnathostomes, a phylogenetic position that is still disputed. The tunicate and cephalochordate branches are in red. (b) New deuterostome phylogeny based on recent
phylogenetic analyses [24,25]. Echinoderms and hemichordates establish the Ambulacraria and represent the sister group of all other living deuterostomes. Within the
chordates, cephalochordates are the sister group of all other chordates and the tunicates are the sister group of the vertebrates, which include hagfish, lampreys and
gnathostomes. The cephalochordate and tunicate branches are in red. (e) Phylogeny of living and extinct chordates (based on [21,22]) showing that, for a complete
understanding of early vertebrate evolution, paleontological data must be included. Cephalochordates and tunicates are in red and the fossils discussed in the text ( Pikaia,
Haikouella, Yunnanozoon, Haikouichthys, Myllokunmingia, the euconodonts and the placoderms) are in blue. Extinct taxa are marked with a **’; the branch lengths of extinct
taxa mark the time when the coresponding phylum disappeared from the fossil record. See [66] for an alternative opinion on phylogenetic relationships of extinct vertebrate

taxa.
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