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Finding cophylogenetic patterns in symbiotic associations



Host-parasite associations Parasites Hosts



Parasites



Hosts



• Cospeciation; coevolution; cophylogeny; parallel cladogenesis; cocladogenesis ; cophylogenetic descent ; cophylogenetic maps ...



• Here: macroevolutionary context • How to reconstruct the common evolutionary history of two clades, for example hosts and parasites?



• Some key dates • 1981: Brooks (see Klassen 1992) • 1994: Page; Hafner et al.



• Book • Page (ed.). 2003. Tangled trees. University of Chicago Press



Four coevolutionary events



Cospeciation



Transfer



Duplication



Sorting



Methods



• Event-based methods • Fit symbiont tree onto host tree by adequately



mixing the four types of events = reconciled trees



• Optimality criterion: maximise number of



cospeciation events or minimise global cost (each kind of event is attributed a cost)



• Computationally intensive: for simple problems



(quite small trees and/or specific parasites and/or extensive cospeciation)



• Global fit methods • Global congruence between trees • Influence of individual events • Host-parasite links • Importance of the null hypothesis • Cospeciation (e.g. Johnson et al. 2001) • Random associations (Legendre et al. 2002)



Theoretical prerequisites



• Well known and fully resolved trees needed for event methods



• Branch lengths: molecular phylogenies • Exhaustive sampling • Monophyletic groups = evolutionary entities • ... quite difficult



Some methods



• Event-based methods • Brooks parsimony analysis (BPA; Brooks 1981) • Reconciled trees (Component, TreeMap 1, 2 and



3; Page 1993, 1994; Charleston 1998, Tarzan; Merkle and Middendorf 2005, Jane; Conow et al. 2010)



• Generalised parsimony (TreeFitter; Ronquist 1995)



• Probabilistic methods: ML, Bayesian inference (Huelsenbeck et al. 1997, 2000)



• Global fit methods • Homogeneity test (Johnson et al. 2001) • Congruence tests (ParaFit; Legendre et al. 2002, Hommola et al. 2009)



• Most methods work well if • Widespread cospeciation • ≈ 1 host / 1 parasite • Small phylogenies • Else: event-based methods are computationally very intensive, optimal solution not guaranteed



• Event-based methods all require fully-resolved trees



• Different methods: different results



Reconciled trees TreeMap (Page 1994)



• Goal: fitting parasites tree onto host tree by adequately mixing the 4 types of events



• Criterion: maximise number of cospeciations (TM 1)



• Test against a random distribution • Can take branch lengths into account



• TreeMap 1: problems • Transfers added a posteriori • Limited optimality criterion (can generate many optimal solutions)



• Difficulty with widespread parasites (several host species)



• TreeMap 2 (Charleston & Page, 2002) • Jungles algorithm: introduces event costs • Optimisation of global cost • Find optimal solutions but very computationally intensive



• Many modifiable parameters • Tests: • Global cost • Cherry Picking Test: influence of individual associations



• Each host must have at least a parasite(!!) • Needs fully resolved trees • TreeMap 3 is coming (now in beta version): in



Java, for all platforms, with a few new functions
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Chewing Lice



TreeMap 1 talpoides wardi thomomyus bottae minor actuosi bursaris ewingi



(a)
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(b)



costaricensis



talpoides wardi thomomyus bottae minor actuosi bursaris ewingi
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talpoides wardi thomomyus bottae minor actuosi bursaris ewingi hispidus chapini



chapini cavator



cavator panamensis
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talpoides wardi thomomyus bottae minor actuosi bursaris 5 ewingi



talpoides wardi thomomyus bottae minor actuosi bursaris ewingi



cavator panamensis underwoodi setzeri cherriei setzeri cherriei heterodus



(f)



costaricensis



TreeMap 2



• 6 optimal solutions (out of 9) 1 of 9 | Co = 8, Sw = 4 (total distance: 3.565), Du = 10, Lo = 2 0;of total 9 | Co cost = 8, = 14 Sw = 4 (total distance: 3.67), Du = 10, Lo = 0; total 3 of 9 cost | Co= =14 12, Sw = 3 (total distance: 3.009), Du = 6, Lo = 1; total cost talpoides talpoides talpoides wardi wardi wardi thomomyus thomomyus thomomyus bottae bottae bottae minor minor minor actuosi actuosi actuosi bursarius bursarius bursarius ewingi ewingi ewingi hispidus chapini
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heterodus costaricensis



heterodus costaricensis



heterodus costaricensis



4 of 9 | Co = 12, Sw = 3 (total distance: 3.009), Du = 6, Lo = 6 1;of total 9 | Co cost == 12, 10Sw = 2 (total distance: 1.9345), Du = 6, Lo = 3; 6 of total 9 | cost Co ==12, 11Sw = 2 (total distance: 1.9345), Du = 6, Lo = 3; total cost talpoides talpoides talpoides wardi wardi wardi thomomyus thomomyus thomomyus bottae bottae bottae minor minor minor actuosi actuosi actuosi bursarius bursarius bursarius ewingi ewingi ewingi hispidus chapini



hispidus chapini
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heterodus costaricensis



• Test against a null distribution (from randomised trees) of inferred number of cospeciations (or global cost with TreeMap 2)



• Confrontation with observed value Observed value
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Temporal congruence



• TreeMap can be used to compare divergences in cospeciating pairs



• Evolutionary rates can be compared (e.g.



parasites usually evolve faster than their hosts)



• Temporal congruence of speciation events can be assessed, this is a condition for true cospeciation



• Useful to discriminate evolutionary scenarios



• Simultaneity of speciation events? No clock: additive trees, independent branch lengths Parasites iv



Hosts



Parasites ii



i



1,i



Less changes in ii - evolves slowlier? - diverged later?



3,iii 4,iv



iii 2,ii



Hosts
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Molecular clock: ultrametric trees, dependent branch lengths Parasites



iv iii



4 3 i 1
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1,i



If intercept = 0: cospeciation



Hosts



Intervals between Coalescence times speciation events



Page 1996



Slope: compare evolutionary rates for hosts and parasites



• Tests in TreeMap • Branch lengths must be correctly estimated on the tree (e.g. with an evolutionary model)



• Additive trees • Copaths based on reconstruction • Correlation coefficient r between copaths tested via branch lengths randomisation, because copaths are not independent (via phylogeny)



• Ultrametric trees • Coalescence times can be used • Same test



• Example with additive trees 19 18 20 17 22
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bmajusculu



bottae 28



setzeri 19



talpoides



Parasites
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(r = 0.5663) talpoides-thomomyus
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bottae-actuosi
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hispidus-chapini [16]-[18] bulleri-nadleri bottae-minor



27
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underwoodi-setzeri [18]-[19] [25]-[21] cherriei-cherriei talpoides-barbarae
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cavator-panamensis
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33 30



thomomyus barbarae minor 31
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0.96



• Example with ultrametric trees



• Slope = comparated rates (if same gene) • If the intercept is no different from 0:



simultaneous speciation events = cospeciation



Hafner et al. 2003



Tarzan and Jane



• Connected to Jungles (TreeMap 2 and 3), but faster due to heuristic algorithms, and no test (only complement softwares)



• Tarzan can consider time ranges for nodes in the parasite tree, to preclude switches that are impossible in time (e.g. to an ancestor)



• Jane can consider time ranges for nodes in the



host and parasite trees, and can modify switch cost according to phylogenetic distances between hosts



ParaFit



• Assess congruence between distance matrices



(potentially) computed from phylogenies of hosts and parasites, via host-parasite associations



• Statistical tests (via permutations) Global congruence between two trees/matrices • (H : random associations) 0



• Contribution of each individual association to this congruence (structuring effect)



Host-parasite associations



Hosts



Parasites



A B Parasites tree



Hostparasite associations



C Hosts tree



• Phylogenetic distances are transformed in principal coordinates



ACGTTCGGA ACTGTCGGA AGTGTCCGA



010010100 010110110 001110110



( )



Raw or patristic distances



1



n



Principal coordinates analysis n-1 (max)!



Production of a maximum number of n-1 independent variables (principal coordinates) fully equivalent to phylogenetic distances



Princ. coordinates



Matrix A



Matrix B



Absence/presence of host-parasite associations (0/1 data)



Coordinates (col.) describing the parasite phylogenetic tree



Parasites



Parasites



Hosts



Matrix C Coordinates (rows) describing the host phylogenetic tree



Princ. Coordinates Host tree



Princ. coordinates



Hosts



Parasite tree princ. coordinates



Matrix D SSCP parameters to be estimated



Pocket gophers



T. talpoides T. bottae Z. trichopus P. bulleri O. hispidus O. underwoodi



T. barbarae T. minor G. trichopi G. nadleri G. chapini G. setzeri G. panamensis



O. cavator



G. cherriei



O. cherriei



G. costaricensis



O. heterodus



G. thomomyus



C. merriami



G. perotensis



C. castanops G. bursarius majus. G. bursarius halli



G. actuosi G. expansus G. geomydis G. oklahomensis



G. breviceps



G. ewingi



G. personatus



G. texanus



Chewing lice



• Drawbacks • Events not considered • No scenarios • Advantages • Statistical tests, and tested via simulations • Adapted to complex problems • Various numbers of hosts/parasite and parasites/ host



• Use distance matrices: no problem with polytomies, or multiple trees



• ParaFit implemented in CopyCat



• Use different methods in cophylogenetic studies



Case study: Prasinophyte microalgae and their viruses



Hosts: Prasinophyceae green algae (Order Mamiellales, • Chlorophyta: ubiquitous picoplankton)



• 3 main genera, 6 complete genomes to date • Ostreococcus (3 genomes) free-living eukaryote and • Smallest photosynthetic genome • Bathycoccus (1 genome) • Scales • Micromonas (2 genomes) • Flagellum



Ostreococcus



Bathycoccus



Micromonas



Viruses • Phycodnavirus • Prasinovirus • Important role in the regulation of phytoplanktonic populations



ML Escande, OOB



• Large viral genomes: about 200 Kb • 6 complete genomes to date (4 new, unpublished) • Ostreococcus virus: 2 OtV, 1 OlV (new!) • Bathycoccus virus: 1 BpV (new!) • Micromonas virus: 1 MpV (new!)



• Trees are based on the analysis of partial DNA



polymerase gene (about 600 bp) for viruses, and (generally) 18S rDNA for hosts



• Host specificity is assessed experimentally



Cospeciation • Significant



cospeciation, but limited dataset



• Need more data • Longer sequences • Specificity • New strains



• Many solutions • In some



reconstructions: link between parasite and host divergences



• Still unclear • Add data for



more resolution



• Filter results



• More complete dataset (TreeMap 3): too long to compute tests
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• Rationale approach: compute congruence test with ParaFit and propose reconstruction with topology-based algorithms



Significant link with ParaFit



• 19 optimal solutions with Jane: example



• No physical barriers between hosts and viruses • If significant cophylogenetic pattern: adaptation ≠ lack of opportunity for transfer



• "Real" cospeciation



Case study: Lamellodiscus monogeneans on sparid fish hosts



Monogeneans - Hosts



• A priori: many cospeciations • High specificity • Direct cycle



Sparidae and Lamellodiscus spp. S. cantharus



Hosts



B. boops S. salpa L. mormyrus D. sargus D. cervinus O. melanura D. puntazzo D. annularis D. vulgaris S. aurata P. acarne P. bogaraveo D. dentex P. pagrus P. erythrinus



L. furcosus L. coronatus L. elegans



Parasites



F. echeneis L. mormyri L. verberis L. drummondi L. virgula L. impervius L. parisi L. mirandus L. gracilis L. bidens L. hilii L. ergensi L. fraternus L. knoeppfleri L. ignoratus L. baeri L. erythrini



100 µm



S. cantharus



• TreeMap



B. boops L. elegans S. salpa L. knoeppfleri L. mormyrus



Frequencies



D. sargus L. ignoratus



Number of cospeciations inferred via TreeMap
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L. mormyri furcosus D. parisi cervinus L. L. ignoratus coronatus L. verberis elegans O. ergensi melanura L. ignoratus coronatus D. puntazzo L. mirandus L. L. gracilis elegans D. annularis L. D. furcosus vulgaris L. ergensi ignoratus coronatus L. L. gracilis elegans L. impervius S. aurata L. ergensi ignoratus L. bidens fraternus L. elegans F. echeneis P. hilii acarne L. ignoratus L. L. ergensi virgula L. gracilis fraternus P. bogaraveo L. virgula L. D. drummondi dentex P. pagrus L. baeri P. erythrinus L. erythrini



• ParaFit • P global = 0.243 • 2 significant links S. cantharus



Hosts



P = 0.243
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L. ignoratus L. baeri L. erythrini
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ANDREA SIMKOVA ET AL.



• Other systems • Dactylogyrus on Cyprinids



• No global



cospeciation



• Some intrahost speciation (duplications)



Simkova et al. 2004



FIG. 5. Tanglegram of Dactylogyrus and cyprinid species deduced from comparison of the parasite neighbor-joining tree inferred fr analysis of combined data (18SrDNA and ITS1 sequences) with the topology of a fish phylogeny that includes only species infested Dactylogyrus species. Gobio albipinatus was added to the fish phylogeny as a sister species of Gobio gobio considering that they



ber of cospeciating nodes divided by the total number of nodes in the parasite phylogeny, multiplied by 100) amounted to 44%. Figure 1 shows the host and



• Gyrodactylus on Gobies



tances did not reveal a global association between hosts and parasites (P = 0.095). Using patristic distances did not influence the results (P = 0.094). Considering the



Huyse & Volckaert 2005



• Apparent cospeciation, due to specialist species,



FIGURE 1. Evolutionary patterns of host association in Gyrodactylus species. Comparison of the goby host (left) and Gyrodactylus (right) phylograms, constructed from 12S and 16S mtDNA and the V4 and ITS region, respectively. TreeMap 1.0 (Page, 1994) called upon seven cospeciation events (denoted as a black circle; P = 0.01) to reconcile both trees. Branch lengths are proportional to the amount of evolutionary change, except for the branches connecting the ingroup with the outgroup sequences. Bootstrap support from minimum evolution analysis (n = 1000). Evolutionary rate for host and parasite 1% and 5.5%, respectively, per million years (Huyse et al., 2004b; Zi etara and Lumme, 2002). ! “B” and “V” following the species G. ostendicus and G. branchialis stand for the collection sites “Belgium” and “Venice” respectively. Groups A and B are boxed with dotted lines. (Picture from Pomatoschistus microps by Van Kampen; scanning electron micrograph of Gyrodacylus ostendicuswith scale bar = 100 µm).



but probable phylogenetic tracking



Monogeneans on tetrapod hosts • Same life cycle • Same level of host specificity, but • Different environment: ponds, rivers, ... fragmented habitat



• Few host switch opportunities



• Polystomes



Verneau et al. 2002



• TreeMap 2.0: 1 scenario (out of 5)



Leptodactylus fuscus P sp2 Litoria aurea P bulliense Phrynohyas venulosa P lopezromani Smilisca baudinii P naevius Hyla meridionalis P gallieni Hyla cinerea P spHC Hyla versicolor P nearcticum Physalaemus cuvieri P cuvieri Schismaderma carens E vanasi Bufo regularis E alluaudi Bufo typhonius W almae Hyperolius sp P marmorati Ptychadena mascareniensis P dawiekoki Strongylopus grayii P testimagna Rana temporaria P integerrimum Rana japonica D ranae Rhacophorus schlegelii P indicum Rhacophorus annamensis P spRV1 Rhacophorus calcaneus P spRO Rhacophorus orlovi P spRA Scaphiopus couchii P americanus Spea hammondii N scaphiopodis



➡ Significant cospeciation



Verneau, unpublished



S. Bentz et al.



• Biogeography • Geographical



Eupolystoma sp.



Hyloid hosts



Polystoma nearcticum North America



Polystoma cuvieri South America



isolation and allopatric speciation



93/79 Wetapolystoma almae South America



Ranoid hosts



Polystoma lopezromani South America



74/88



Polystoma sp. Siberia



• Biogeography



59/59



98/97 Polystoma integerrimum Europe



helps to explain cospeciation and to date events



Polystoma pelobatis Europe



91/83



Pelobatid host



Polystoma gallieni Europe



Polystoma marmorati Africa



68/75



Polystoma dawiekoki Africa



Ranoid hosts



77/68



100/100 Polystoma occipitalis Africa



Eurafrican clade 0.1



Bentz et al. 2006



F p t b m p l



• No global cospeciation in fish-monogenean systems



• Even when only specialists species considered • Different only if fragmented biotope (rivers, vicariance, ...)



• Suggest specificity driven by something else than host phylogeny, then close adaptation to the host



• Suggest also rapid speciation after switching



• No cospeciation • Sympatric hosts (and parasites) • Other systems with geographically separated hosts (e.g. Polystomes/Amphibians): cospeciation



• Here, transfers not influenced by phylogeny but by hosts’ characteristics: association with other species, size
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Short course 

Oct 29, 2006 - proportional to 1/L. SAT. _DS. E. SAT. _DS ds. 0. I. LV. I. 1 g. 1 r. ⋅. = ...... Despite the fact that the MOSFET original principle came in 1925 (and ...










 








Course variée 

23 août 2018 - Course variée. Vague. Nom. Catégorie. Temps. Position. 1. Vincent Chénier. GS. 17:26. 1 * record. Carson Brunet. GS. 1. Maxim Caron. GS.
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Course timing 

Replication of RNA viruses. Reverse genetics system of RNA viruses. 10th. 9 Dec. - Rabies situation in Vietnam. - Cell culture of rabies vaccine for human use.










 








Course Designers 

65. 80. 75. Start. Course Designers. GrÃ©gory BODO. AndrÃ©a COLOMBO. CÃ©dric LONGIS. Eddy CASTELLON. Stephano MORRIALE. Matteo LANDI. g.b design.










 








Course interne 

Samedi 14 octobre 2017. 1er dEpart - 13h00 au chalet du club. Buvette et petite restauration. Renseignements: [email protected]. Course interne.










 








View course hero documents free --- Video course de cote 1970 

cfa course details level 1 solidworks video course+download italianissimo video course (1992) video course de cote ottange 2013 annamalai university distance ...










 








Course de 2200 m 

Course de 2200 m. Position. CatÃ©gorie. Nom. 2016. Tour. 1. Tour. 2. Temps final. 1. S. Mathieu Plamondon. 8:04. 3:53. 3:52. 7:45*. 2. J. Vincent Chenier. 8:59. 3:54 ... Alyssa-Charlie Ethier. 6:08. 6:53. 13:01. 15. J. Tatum Romaniuk. 6:15. 6:49. 13:










 








Set Lunch 3-Course 

French Cold Cuts Platter. Or. Demie- Douzaine d'Escargots au Beurre d'Ail PersillÃ©. Half Dozen of Snail Baked in Herbed Garlic Butter. Or. Assiette de la Mer.










 








policy course 2012 












 








Course de 2200 m 

Camp d'excellence au cross-country de l'Ã‰SCT 2015. Course de 2200 m. Position. CatÃ©gorie. Nom. Tour. 1. Tour. 2. Temps final. 1. S. Mathieu Plamondon. 3:56. 4:08. 8:04. 2. S. Vincent Gauthier. 4:03. 4:19. 8:22. 3. S. Ryan Godda. 4:13. 4:25. 8:38. 4










 








Fall COURSE CATALOG.indb .fr 

of ideas to inform their studio practice. ARTH-101 ..... At the essay level, we will cover basic essay ..... philosophy, etc. ... scientific and Enlightenment revolutions and ...... packet. Please ensure that all holds are cleared prior to your regis










 








Aimsun Foundation Course Agenda 

Aimsun 8 - Cours de simulation mÃ©soscopique (2 jours). Agenda. Matin : de 9:30 Ã  13:30 ... PrÃ©sentation de l'Equilibre Dynamique de l'Usager. â€¢ Exercice Choix ...










 








Course Canot-terre 

Canot-terre. Ã‰quipes. Temps du dÃ©part. Tour 1. Tour 2. Tour 3. Tour 4. Temps final. Position. 6 Les 6 De Gazons. Joelle BÃ©dard. Brandon Bertrand. Makayla Charette. Vincent Chenier. Ryan Godda. Macy Turcotte. 00:00. 13:06. 13:16. 15:38. 12:05. 54:0










 








Course Canot-terre 

AmÃ©lia MelanÃ§on. Macy Turcotte. Amber Vane. 5:00 12:09 12:06 13:41 12:12 50:08. 4. Lundi, le 20 aoÃ»t 2018. DÃ©part 12 h 30, ensoleillÃ©, 24Â°C (humidex 29Â°C)










 








Course Ã  obstacles 

Jessica Howson. 14:02. 14. FS. Carina Lyrette. 16:02. Record (2 tours) â€“ Maxine Dupuis 19 :13 (2017). Record (1 tour) â€“ Maxine Dupuis 8:58 (2017) ... GM. Brandon Bertrand. 10:45. 10:13. 20:58. 14. GJ. Cameron Lemire. 10:37. 10:23. 21:00. 15. G8. 










 








Course Canot-terre 

1 Les Pandas palottes. Sydney Boileau. Gabrielle Dagenais. Ryan Godda. Philippe Johns. MÃ©lanie Malette. Riley Robitaille. 00:00. 14:18. 13:09. 14:18. 13:25. 55:10. 6. 2 Les Gazelles. Emily Bartolomucci. Zachary Beaudin. Joel Gagnon. Vincent Gauthier










 








Course Canot- terre 

3- Les KAAAMP. Kayla Boissonneault. Maxim Caron. Adam Delage. Philippe Johns. Alexya Racicot. Ashley Robitaille. 0:00. 7:02. 7:03. 6:44. 6:50. 6:45. 34:24. 4. 4- Les 4-as-tough. Keenan Bertrand. Sydney Boileau. Maxine Dupuis. Kiana Labranche. Isaac R










 








cheval de course liste de chevaux de course ourasi ... AWS 

This Cheval De Course Liste De Chevaux De Course Ourasi Arazi Ready Cash Secretariat Goldikova. Seabiscuit Affirmed Jag De Bellouet PDF on the files/S3Library-14211-33695-E6e8c-44386-3663b.pdf file begin with Intro, Brief Discussion until the Index/G










 








Course de 3000 m 

Course de 3000 m. Position. CatÃ©gorie. Nom. 2010. 2011. 2012. 2013. Tour. 1. Tour. 2. Temps final. 1. S. Bradd Boucher. 12:20 11:29 10:39 5:10. 5:33. 10:43. 2. S. JÃ©ric Poirier. 12:44 11:35 11:33. 5:24. 5:48. 11:12. 3. S ... le 17 aoÃ»t 2014. ** re










 








avis de course 

THE ROUND MARTINIQUE REGATTA 2020 : AVIS DE COURSE : VERSION FR : 02/08/2019. 1. AVIS DE COURSE. Nom de la compÃ©tition : ROUND ...










 








Mini Course Registration 2014 












 








Course Canot-terre 

2- Les Croquettes sauvages. Macy Turcotte. Amelia MelanÃ§on. Isaac Rondeau-McNair. Jayden BÃ©land. Sarah Deforge. Brady Jordan. 00:00 12 :47 12 :23 13 :45 13 :28 52 :23. 5. 4- Les Nains Ã  4 pattes. Jessica Howson. Joe Bourdon. Cameron Lemire. Kriste
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