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Calls and Motivations for Multiple Mergers Genealogies

The Kingman coalescent has been a one-size-fits-all model for
population genealogies. Others however have recently been
developed offering trees with multiple mergers (nodes with three
or more children) which differ from the Kingman coalescent, viz.,
overlapping generations, reproductive variance, and no limit on
the offspring an individual can contribute to the population size[1].
Such models are particularly relevant for marine organisms with
high larval mortality and extreme reproductive variance and any
species with overlapping generations. Indeed, there have been
calls for such models [2].
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Algorithms for Multiple Mergers Genealogies
To explore multiple mergers genealogies and models, we
selected two models from [3], each expressed with an algorithm.
Algorithm #1 provides for generating genealogies with both
multiple mergers and generational overlap. Its parameter Y is
used to model a “degree of simultaneity” for multiple merger
events. For example, if Y=2, then half of the lineages might
coalesce to a single parent and the remaining lineages in another
parent, both coalescent events happening at the same time. Its
parameter @ may be used as a “generational overlap factor’
yielding a percentage of lineages whose coalescence is delayed.
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Introducing COMET : COalescence with Multiple mergers Employing
Thermodynamic integration

MCMC (or Markov Chain Monte Carlo) is a well-known method
in bioinformatics for sampling from posterior distributions of
model parameters given data [5-8]. To do so, we have
implemented an open-source MCMC program which incorporates
i) the Kingman Coalescent, i) Algorithm #1 and iii) Algorithm #2.
This way, our program samples from the space of multiple
mergers genealogies.  Since our code is accompanied by
routines to perform thermodynamic integration for calculating
marginal probabilities for Bayes Factors and model selection,
we call our program COMET : COalescence with Multiple
mergers Employing Thermodynamic integration. COMET
takes as input i) a FASTA file of a multiple sequence alignment
and ii) a configuration file for setting up MCMC runs (iterations,
priors, etc.). It is written in the Java programming language and
is available for  download on bitbucket

http://www.bitbucket.org/eddieasalinas/comet
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Trace files for Tracer and Visual Inspection and Assessment
of both Mixing and Convergence

COMET generate log files containing sampled values from
posterior distributions, for example: trees, their likelihoods, model

Calculating Likelihoods of Genealogies

MCMC requires computation of likelihoods. In COMET's case it
is the probability of the data given a genealogy P(D|G) [10].
COMET incorporates the HKY85 [11,12] model for computing
likelihoods with PAL [13]. Incorporating PhyML [14,15] for the
likelihood calculations [10] however has led to a dramatic
improvement for performance. Work is in progress to incorporate
BEAGLE [16]. The schematic below indicates how the likelihood
and tree code are incorporated into the overall MCMC scheme.
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An example workflow : Computation of a Bayes Factor for
Model Selection Favoring a Multiple Mergers Model

To explore COMET’s capabilites we analyzed with COMET
v0.0.72 a dataset of 10 DNA sequences from the mitochondrial
control region of Polydactylus macrochir (King threadfin)[19].
Ambiguous bases and gaps were removed. Four runs at 4
values 0, 1/3, 2/3 and 3/3 were done the Kingman coalescent,
Algorithm #1, and Algorithm #2. The priors were set as follows :
Y uniform over {1,2,3}; ® uniform over [0.5,1.0]. ¢ was set at 4
during the Kingman and Algorithm #2 runs. 5,000,000 iterations
and burn-in of 4,000,000 were used per run and each batch of
four runs took about six to eight hours to complete.

Tl and HM values (left). King Threadfin (botiom-left), Tl Graph (right)
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Marginal Likefihoods
Model | TI P(D|M) | HM P(D[M)

Kingman | -805.13 |underflow/0| A m r
Algorithm #1| -618.30 | -585.29 * .
Algorithm #2| -625.62 | -587.84
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The Tl an HM marginal likelihood values for the multiple mergers
models (-618 and -626) vs. the Kingman model (-805) yield Bayes
Factors ratlos favorlng mu|t|p|e mergers models.
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Genealogy Visualization and Interpretation

 Agorithm 1. parameters (e.g. Y, @). Anincluded utility script “tracer_prep.pl” < X :
(1) Start with K= (Kis the number of e ancestors of takes log files generated by COMET and makes them suitable for e s e There are multiple mergers towards the root of thg tree [20], gnd not
the base, and these speak of a sudden population expansion that

! the sample as we follow them back in tme)
the Tracer [9] program by removing data columns not suitable for Challenges and Opportunities in Assessing and Bringing occurred long ago in the demographic history of this speC|es[2‘I] Naso

¢ (2) Sample (Y, @) from a joint distribution
(3) Generate the waiting time to the first SRE (looking . .
tracer (such as tlrees1 timestamps, etc.). Once fed into tracer, the About Convergence : Proposals of Proposals unicornis, the Unicorn Fish.
run out can be visualized and be d for convergence.

" bakwards in time): itis an exponental random variable

. with mean one.
, (4) Sample (K, Ki.....Ky) from Mn(K, py. py....py).
" whete £Lopo =1 gand p, = @/¥,i=1,...¥

- : (Here Mn () denotes the mulinomial cistibution) ) i ) Numerous MCMC runs were executed, ESS (effective sample
s o K i '\‘.1 {nmI e size) valu_es[6,17] observed, and log files gombmed .V\{Ith
TN “logcombiner”[17] as we tested COMET. To improve mixing

‘ : ?;»C;:‘serr the number of ancestors fo \‘1‘.“ i i " I A ”
-f\;f;;i‘v,;“Lfﬁ;;?gwshf;;f;?.!iﬁﬂ;‘ié"fé's i I ! and convergence, we have introduced a proposal method ‘tip
othenvise retum fo Sep 2 ) swapping” where a pair of random leaves (sequences) are

swapped in the tree to create a proposed tree from the current one.
Implementation and incorporation into COMET seems to have
dramatically improved mixing and convergence.

Trees generated with Algorithm #1, Y=2, @=0, B. Y=2, @=0.9 ; Algorithm #1 Made with FigTree [4]

Algorithm #2[3] provides Algorithm #1 but also it contains the
Kingman Coalescent in a hybrid fashion by alternating between
Kingman style coalescent events and multiple mergers events as

A liklinood trace from tracer left) and s posterior faquency histrogram (ngm) from Tracer [9] . Fhaal Y Ui ot o B o, 1T
S Rarc, S ) T 1,

Two trees before and aftor tip-swapping

) ) A . Thermodynamically Integrated Marginal Probabilities for
in Algorlthm #1 by a distribution of “successful reproductlon yBa es cmtorsgand Modegl Selection N ; 21 aering g g Gt Peschscr e rs rd Db o G G 0 13645 e
events” (SREs). S_uch a c:ombinationl may improve A!gorithm . . . . . g s Next Steps and Future Directions
#2's model fit relative to either the Kingman or Algorithm #1 Thermodynamic Integration (TI) is for computing marginal e M : - -
alone. Mgortmz probabilities P(D|M) [10]; the ratio of two such values defines a F : (?urfent and futurelwork tq enhance COMET includes improving the
. (9Sampl (Y, @)fomajont dtibuion Bayes Factor often used for model selection. COMET o : likelihood calculations with BEAGLE[16] and/or newer software
{ . (3 Generate the waiting time to the fist SRE ) N . N — h the PLL : Phyl tic Likelihood Lib 221 We pl
. {coking bvads nme) s 2n exporental implements TI with various 4 settings from 0,...,1 for MCMC ! ! such as the : Phylogenetic Likelihood Library [22]. We plan
] * @Uploinot oty e rgen chains with heated acceptance. Hotter chains are more p e to experiment with other proposal schemes such as
.\ coalescentwith rate KIK-)c, whilethere are . P " g ;
_|:|‘ ooomagiaN AN accepting. Accordin o revious It is a fine art to design and compose proposal distributions and “nelghborhood rearrangements”[23] as well. We also plan to
< coalescant events oacur, and decroment Kby ane, B e 9 P . the operators that implement them. The efficiency of MCMC explore with other datasets such as : shrimp (Aristeus
ey eI et = research [10], the harmonic algorithms crucially depends on a good mix of operators formin t t b les (Bal landul b
" (5) Using the value of K(>1) from Step 4, sample 4000 mean (HM) method  for 9 X .y : p . g X p ! 9 antenna ”s)’ ama? es ( a'anus glan ”a) » Or maybe even
o KM B p, ) s 0 marainal likelihoods is more the proposal distribution.” (p. 16) [18] We continue to experiment humans (Homo sapiens sapiens).
) A tree generated by4] and algorithm #2 with Y=1, @=71 o A random‘ychoos-e& = g and explore with this and other Schemes and strategies. 27t e ottty Sy oo 5692 S
Hoproum et individuals from K without replacement and 12000 vanable than TI. . . , _ s e L e s
e cadlsoa them fogather ot w
(7)Resetto K = K, + Yo 1(k; # 0}, where 1{x} 0 n2 04 0e 08 1

is oneif the x s true and zero, otherwise. Stop if K

is equal to one, otherwise retumn to Step 2. A graph showing Tl with avg. log likelihoods from MCMC chains with heats in the range 0,..,1



