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LBA



Animals



Fromunicellular to multicellular... Transitions





From radial symmetry to bilateral Transitions



(a) Radial symmetry

Bilateral symmetry(b)

Bilaterianinnovations



Lophotrochozoa

Ecdysozoa

Deuterostomia

The New Animal Phylogeny

Bilateria

Porifera
Placozoa
Cnidaria
CtenophoraNon bilateria



(a) Radial symmetry

Bilateral symmetry(b)

Bilaterianinnovations

Å Symmetry
Å Cephalization
Å Mesoderm
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ωEndoderm: digestivetract (i.e. guts) and organs 
derived from it (i.e. lungs) as well as secretory 
organsόƭƛǾŜǊΣ ǇŀƴŎǊŜŀǎΣ ǘƘȅǊƻƛŘΣ ǘƘȅƳǳǎΧύΦ

ωEctoderm: epidermisand nervous system, as 
well as hair, cornea, tooth enamel, etc.

ωMesoderm: coelom, muscles, bone/cartilage, 
circulatory, spleen, kidney, reproductive, etc.

Embryonic layers



Body cavities



Triggers: Ecological
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Non bilateria



First bilaterian



Libbie  Hyman

The Invertebrates , 1940 - 1967



Cestoda



Polycladida



Polycladida



Tricladida



Acoela



Nemertodermatida



Xenoturbellida

The Swedish clog



Acoela  + Nemertodermatida  = Acoelomorpha

Xenoturbellida + Acoelomorpha = Xenacelomorpha

Acoels, nemertodermatids, and xenoturbellids



THEMOLECULARERA



Linus Pauling

Zuckerland  and Pauling 1965



Molecular: 18S



Aguinaldo et al,  1997

Halanych  et al, 1995

Molecular: 18S
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Long Branch Atraction

Carranza et al,  1997



Long Branch Atraction

Real phylogeny Inferred  phylogeny

D

A



Avoiding LBA



1. Use methods less sensitive to LBA, such as MLor BI
Å Use models less sensitive to LBA 
Å In the case of AA and BI, use CAT over LG

Avoiding LBA

GTR



1. Use methods less sensitive to LBA, such as MLor BI

2. Model modifications (Gamma-distribution, covarion, recoding) 

Avoiding LBA



B_WEAU160 ATGAGAGTGAAGGGGATCAGGAAGAATTATCAGCACTTG39

A_U455 .......... T...... ACA.. G........ CTTG.... 39

A_SF1703 .......... T...... ACA.. T... C. G... AA.... A 39

A_92RW020 . 5 .......... G...... ACA.. C.. G.. GG.. AA..... 35

A_92UG031 . 7 .......... G. A.... ACA.. G..... GG........ A 35

A_92UG037 . 8 .......... T...... AGA.. G........ CTTG.. G. 35

A_TZ017 .......... G.. A... G. A.. G............ A.. A 39

A_UG275A .... A.. C.. T..... CACA.. T..... G... AA... G. 39

A_UG273A ................. ACA.. G..... GG......... 39

A_DJ258A .......... T...... ACA........... CA. T... A 39

A_KENYA .......... T..... CACA.. G..... G......... A 39

A_CARGAN .......... T...... ACA............ A...... 39

A_CARSAS ................ CACA......... CTCT. C.... 39

A_CAR4054 ............. A.. CACA.. G..... GG.. CA..... 39

A_CAR286A ................ CACA.. G..... GG.. AA..... 39

A_CAR4023 ............. A. --------- .. A............ 30

A_CAR423A ............. A. --------- .. A............ 30

A_VI 191A ................. ACA.. T..... GG.. A...... 39

Gamma distribution



B_WEAU160 ATGAGAGTGAAGGGGATCAGGAAGAATTATCAGCACTTG39

A_U455 .......... T...... ACA.. G........ CTTG.... 39

A_SF1703 .......... T...... ACA.. T... C. G... AA.... A 39

A_92RW020 . 5 .......... G...... ACA.. C.. G.. GG.. AA..... 35

A_92UG031 . 7 .......... G. A.... ACA.. G..... GG........ A 35

A_92UG037 . 8 .......... T...... AGA.. G........ CTTG.. G. 35

A_TZ017 .......... G.. A... G. A.. G............ A.. A 39

A_UG275A .... A.. C.. T..... CACA.. T..... G... AA... G. 39

A_UG273A ................. ACA.. G..... GG......... 39

A_DJ258A .......... T...... ACA........... CA. T... A 39

A_KENYA .......... T..... CACA.. G..... G......... A 39

A_CARGAN .......... T...... ACA............ A...... 39

A_CARSAS ................ CACA......... CTCT. C.... 39

A_CAR4054 ............. A.. CACA.. G..... GG.. CA..... 39

A_CAR286A ................ CACA.. G..... GG.. AA..... 39

A_CAR4023 ............. A. --------- .. A............ 30

A_CAR423A ............. A. --------- .. A............ 30

A_VI 191A ................. ACA.. T..... GG.. A...... 39

Gamma distribution

GTR Gamma

X



Heterotachy& Covarion

B_WEAU160 ATGAGAGTGAAGGGGATCAGGAAGAATTATCAGCACTTG39

A_U455 .......... T...... ACA.. G........ CTTG.... 39

A_SF1703 .......... T...... ACA.. T... C. G... AA.... A 39

A_92RW020 . 5 .......... G...... ACA.. C.. G.. GG.. AA..... 35

A_92UG031 . 7 .......... G. A.... ACA.. G..... GG........ A 35

A_92UG037 . 8 .......... T...... AGA.. G........ CTTG.. G. 35

A_TZ017 .......... G.. A... G. A.. G............ A.. A 39

A_UG275A .... A.. C.. T..... CACA.. T..... G... AA... G. 39

A_UG273A ................. ACA.. G..... GG......... 39

A_DJ258A .......... T...... ACA........... CA. T... A 39

A_KENYA .......... T..... CACA.. G..... G......... A 39

A_CARGAN .......... T...... ACA............ A...... 39

A_CARSAS ................ CACA......... CTCT. C.... 39

A_CAR4054 ............. A.. CACA.. G..... GG.. CA..... 39

A_CAR286A ................ CACA.. G..... GG.. AA..... 39

A_CAR4023 ............. A. --------- .. A............ 30

A_CAR423A ............. A. --------- .. A............ 30

A_VI 191A ................. ACA.. T..... GG.. A...... 39

GTR Gamma

X X

Covarion



Recoding

Giacomelli et al,  2022



Recoding



1. Use methods less sensitive to LBA, such as MLor BI

2. Model modifications (Gamma-distribution, covarion, recoding) 

3. Using the shortest branched representatives available for each 
phyla (Relative Rate Test)

Avoiding LBA



Long Branch Atraction

Carranza et al,  1997



Relative Rate Test



1. Use methods less sensitive to LBA, such as MLor BI

2. Model modifications (Gamma-distribution, covarion, recoding) 

3. Using the shortest branched representatives available for each 
phyla (Relative Rate Test)

4. Use widest taxon samplingwithin the long branch group

Avoiding LBA



Long Branch Atraction

Carranza et al,  1997



1. Use methods less sensitive to LBA, such as MLor BI

2. Model modifications (Gamma-distribution, covarion, recoding) 

3. Using the shortest branched representatives available for each 
phyla (Relative Rate Test)

4. Use widest taxon samplingwithin the long branch group

5. Use closely related outgroups

Avoiding LBA



Long Branch Atraction

Adl  et al,  2012



Long Branch Atraction

Carranza et al,  1997



Molecular: 18S

Ruiz - Trillo et al, 1999
Marta 

Riutort



Nephrozoa

Lophotrochozoa
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PhD Genetics: Bilaterian phylogeny

Marta Riutort



1. Use methods less sensitive to LBA, such as MLor BI

2. Model modifications (Gamma-distribution, covarion, recoding) 

3. Using the shortest branched representatives available for each 
phyla (Relative Rate Test)

4. Use widest taxon samplingwithin the long branch group

5. Use closely related outgroups

6. Compartmentalize problematic lineages (extremely long 
branches)

Avoiding LBA



Paps et al,  2009a



Acoela  + Nemertodermatida  = Acoelomorpha

Acoels, nemertodermatids, and xenoturbellids
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Zrzavý  et al, 1998
MP: 18S + Morphology

151 seqs

28 phyla  bilaterians

Consensus  sequences

Taxon sampling in 18S

Peterson & Eernisse ,  2001
MP: 18S + Morphology

304 seqs
28 phyla  bilaterians

ñAGGò removed

Giribet et al, 2000
POY: 18S + Morphology

147 spp
28 phyla  bilaterians



Philipe et al, 2017



1. Use methods less sensitive to LBA, such as MLor BI

2. Model modifications (Gamma-distribution, covarion, recoding) 

3. Using the shortest branched representatives available for each 
phyla (Relative Rate Test)

4. Use widest taxon samplingwithin the long branch group

5. Use closely related outgroups

6. Compartmentalize problematic lineages (extremely long 
branches)

7. More data!!!

Avoiding LBA



THEMOLECULARERA: 
MOREMARKERSΧ



New markers

Giribet, 2000



New markers

Ruiz - Trillo et al, 2002
18S + Myosin

Telford et al, 2003
18S + 28S

Anderson et al, 2004
ATPase  alpha

Paps et al, 2009
18S + 28S



Long Branch Atraction

Real phylogeny Inferred  phylogeny

D

A



Poor taxon sampling

28S, Mallat  & Whinchell  2002



Orthology concerns




