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TimeTree of Life

TimeTree is a public knowledge-base for information on the evolutionary
timescale of life. Data from thousands of published studies are assembled into

a searchable tree of life scaled to time. Three search modes are possible:

o NODE TIME - to find the divergence time of two species or higher taxa

e TIMELINE - to drill back through time and find evolutionary branches from
the perspective of a single species

¢ TIMETREE - to build a timetree of a group of species or custom list

TIMEPANELS showing events in geological time and astronomical history are
provided for comparison with timelines and timetrees. Results can be exported

in different formats for additional analyses and publication.

Search
NODETIME _ GET DIVERGENCE TIME FOR A PAIR OF TAXA
B Specify 2 Taxon Names ® ®
Taxon 1: | |

Taxon 2: l |
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Time tree

* Estimating branch lengths in proportion to time 1s confounded by
the fact that the rate of evolution and time are intrinsically linked
when inferring genetic differences between species.

* A model of lineage-specific substitution rate variation must be
applied to tease apart rate and time.

* When applied in methods for divergence time estimation, the
resulting trees have branch lengths that are proportional to time.

* External node age estimates from the fossil record or other
sources are necessary for inferring the real-time (or absolute)
ages of lineage divergences.



Time tree
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Branch lengths = SUUBSTITION RATE X TIME

Unconstrained analyses estimate branch
lengths as a product of rate and time

T
e —

Branch lengths = SUBSTITUTION RATE

Divergence time estimation requires
a model of among-lineage substitution
rale varialion o lease apart rate and lime
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Branch lengths = TIME

Fossils and other geological dates can be
used to calibrate divergence time analyses
and produce estimales ol node ages in
absolute time.

Figure 1: Estimating branch lengths in units of time requires a model of lineage-specific rate variation, a model for
describing the distribution of speciation events over time. and external information to calibrate the tree.
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Figure 2: Five different parametric distributions that can be applied as priors on the age of a calibrated node.
(figure adapted from Heath, 2012)



Uniform distribution

* Typically, you must have both maximum and minimum age
bounds when applying a uniform calibration prior.

* The minimum bound is provided by the fossil member of the
clade.

* The maximum bound may come from a bracketing method or
other external source.

* This distribution places equal probability across all ages spanning
the interval between the lower and upper bounds.



Normal distribution

* The normal distribution Is not always appropriate for calibrating a
node using fossil Information (though some methods allow for
assigning a truncated normal prior density).

* When applying a biogeographical date or a secondary calibration ,
the normal distribution can be a useful calibration prior.



Gamma distribution

* The gamma distribution i1s commonly used as a prior on scalar
variables in Bayesian inference.

* the gamma distribution Is the sum of o iIndependently and
identical exponentially distributed random variables with rate A.

* As o becomes very large (o > 10), this distribution approaches the
normal distribution.



Exponential distribution

* The exponential distribution 1s a special case of the gamma
distribution and Is characterized by a single rate parameter (A)
and I1s useful for calibration If the fossil age Is very close to the age
of I1ts ancestral node.



Log-normal distribution

* Log-normal prior on the calibrated node age places the highest
orobability on ages somewhat older than the fossil, with non-zero
orobability to @,




Workflow

* File of Phylogeny tree

* Fossil calibration points (minimum age, maximum age)

* Add fossil data in phylogeny tree using a R package ape
* Set parameters In Beatul

* Run In beast



Flle of phylogeny tree

* Pick 100 gene that fit molecular clock model.
* Reconstruct tree using raxml =2 *x* nex file
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Fossil calibration points

e Farliest time In C's fossil
* Oldest time In D’s fossl!
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Add fossil data In phylogeny tree using a R
package ape

#load the necessary library
library(ape)

#read the tree
raxmlTree<-read.tree(file="'forstartingtree.nwk"')

#plot unrooted tree, show node labels

plot(raxmlTree)

nodelabels()

#root the tree with outgroup node, save over original tree
raxmlTree<-root(raxmlTree, node=25)

plot(raxmlTree)

#have another look at node labels
nodelabels()

#get the node for the MRCA for Rhyacichthys and a goby
mrcaCraxmlTree) [ "@1RHAS", "@Q4TYPA"]

# answer: node 48. we will set this to minimum of 52 million years, max of 83

#use penalized likelihood to make a quick time-calibrated tree using our three calibration points.
GobyTree_PL<-chronopl(raxmlTree, lambda=1, age.min=c(47.8), age.max=c(122), node:c(ZSD)
plot(GobyTree_PL)

# save the tree as newick
write.tree(GobyTree_PL, file="0d_StartingTree.nwk")



Setting parameters in Beautl

BEAULi 2: Standard /Users/ygx/Desktop/data_analysis/{t, % 57 IE $& @ /write_in_R_{t./5 5% IE/pampus_timetree_F.xml

‘s0e@
Tip Dates  Site Model  Clock Model  Priors  MCMC
Link Site Models Unlink Site Models Link Clock Models Unlink Clock Models Link Trees Unlink Trees
Name File Taxa Sites Data Type Site Model Clock Model Tree
timetree_1 timetree 9 4969 nucleotide timetree_1 |  divtimeclock divtimetree [
timetree_2 timetree 9 4969 nucleotide timetree_1 B divtimeclock B divtimetree B B
timetree_3 timetree 9 4969 nucleotide timetree_1 divtimeclock divtimetree B

+ r Split




Change parameters and run in beast

* Add topology information it I1s the result of R studio

* The weight of four parameters: Birth Death Subtree Slide, Narrow,
Wide and Wilson-Balding were set as zero to fix the tree topology



@ TextWrangler File Edit Text View Search Go Window # @ 100% &3 1B7HA— 19:37 Q @&

| NON | @) pampus_timetree_F.xml

## ~/Desktop/data_analysis/ftF FF1E$8E/write_in_R_ft A %F1E/pampus_timetree_F.xml . (no function selected) . 4. W. #. [ 2
42 <data idref="timetree"/> J
43 =~ </alignment>
44 = </taxonset> b018
45 = </tree>
46 <parameter id="freqParameter.s:timetree_1" dimension="4" lower="0.0" name="stateNode" upper="1.0">0.25</parameter>
47 <parameter id="rateAC.s:timetree_1" lower="0.0" name="stateNode'">1.0</parameter>
48 <parameter id="rateAG.s:timetree_1" lower="0.0" name="stateNode'">1.0</parameter> a
49 <parameter id="rateAT.s:timetree_1" lower="0.0" name="stateNode'">1.0</parameter> J
50 <parameter id="rateCG.s:timetree_1" lower="0.0" name="stateNode">1.0</parameter>
51 <parameter id="rateGT.s:timetree_1" lower="0.0" name="stateNode">1.0</parameter>
52 <parameter id="mutationRate.s:timetree_1" name="stateNode'">1.0</parameter> Ml 383
53 <parameter id="gammaShape.s:timetree_1" name="stateNode'">1.0</parameter>
54 <parameter id="ucldStdev.c:divtimeclock" lower="0.0" name="stateNode">0.1l</parameter>
55 <stateNode id="rateCategories.c:divtimeclock" spec="parameter.IntegerParameter" dimension="16">1</stateNode> —
56 <parameter id="birthRate2.t:divtimetree" lower="0.0" name="stateNode" upper="10000.0">1.0</parameter> J
57 <parameter id="relativeDeathRate2.t:divtimetree" lower="0.0" name="stateNode" upper="1.0">0.5</parameter>
58 <parameter id="ucldMean.c:divtimeclock" name="stateNode'">1.0</parameter>
59 = </state> indows
60
61
62 <init spec='beast.util.TreeParser' id='NewickTree.t:divtimetree'
63 initial="@Tree.t:divtimetree" taxa='@timetree_1' IsLabelledNewick="true" |
64 newick="((1323_1:18.79122147, (((1345_3:4.342418045,1344_2:4.342418045) :3.148723121, (1286_3:3.855053909, (1316_2:2.42979315,1943_1:2.42979315) :1.425260759) : 3.636087257) : 3.6432 ‘
65
66 ¥ g DU O U= puU = ) peC="U : CuNnpuounuy ou U
67 ¥ <distribution id="prior" spec="util.CompoundDistribution"> perl
68 <distribution id="BirthDeath.t:divtimetree" spec="beast.evolution.speciation.BirthDeathGernhard@8Model" birthDiffRate="@birthRate2.t:divtimetree" relativeDeathRate='
69 v <prior id="BirthRatePrior.t:divtimetree" name="distribution" x="@birthRate2.t:divtimetree">
70 <Uniform id="Uniform.@" name="distr" upper="1000.0"/> =
1= </prior> J
72 v <prior id="GammaShapePrior.s:timetree_1" name="distribution" x="@gammaShape.s:timetree_1">
73 v <Exponential id="Exponential.@" name="distr">
74 <parameter id="RealParameter.0" lower="0.0" name="mean" upper="0.0">1.0</parameter> MEER
75 = </Exponential>
76 = </prior>
77 ~ <prior id="RateACPrior.s:timetree_1" name="distribution" x="@rateAC.s:timetree_1"> il
78 ¥ <Gamma id="Gamma.@" name="distr">
79 <parameter id="RealParameter.01" estimate="false" name="alpha">0.05</parameter> J
80 <parameter id="RealParameter.02" estimate="false" name="beta">10.0</parameter>
81 = </Gamma>
82 = </prior> CRE
83 v <prior id="RateAGPrior.s:timetree_1" name="distribution" x="@rateAG.s:timetree_1">
84 v <Gamma id="Gamma.@1" name="distr">
85 <parameter id="RealParameter.@3" estimate="false" name="alpha'">0.05</parameter> =5
86 <parameter id="RealParameter.@4" estimate="false" name="beta">20.0</parameter> J
87 = </Gamma>
88 = </prior>
89 v <prior id="RateATPrior.s:timetree_1" name="distribution" x="@rateAT.s:timetree_1"> ools-1.8
9 v <Gamma id="Gamma.@2" name="distr">

L:eCud XML. Unicode (UTF-8). Unix (LF). =" Saved: 2018/4/26,15:51:06 [ 151,644 /1,698 /281 100%.



@ TextWrangler File Edit Text View Search Go Window # @ Help O] 100% @2 187H B— 19:38 Q @ =

[ NON ) @) pampus_timetree_F.xml
#+ ~/Desktop/data_analysis/{ta#FIE3ERI/write_in_R_ft A #F1E/pampus_timetree_F.xml . (no function selected), 4. W, #. [3
207
208 <operator id="ucldStdevScaler.c:divtimeclock" spec="ScaleOperator" parameter="@ucldStdev.c:divtimeclock" scaleFactor="0.5" weight="3.0"/5
209
210 <operator id="CategoriesRandomWalk.c:divtimeclock" spec="IntRandomWalkOperator" parameter="@rateCategories.c:divtimeclock" weight="10.0" windowSize="1"/>
211
212 <operator id="CategoriesSwapOperator.c:divtimeclock" spec="SwapOperator" intparameter="@rateCategories.c:divtimeclock" weight="10.0"/>
213
214 <operator id="CategoriesUniform.c:divtimeclock" spec="UniformOperator" parameter="@rateCategories.c:divtimeclock" weight="10.0"/>
215
216 <operator id="BirthDeathTreeScaler.t:divtimetree" spec="ScaleOperator" scaleFactor="0.5" tree="@Tree.t:divtimetree" weight="3.0"/>
23,
218 <operator id="BirthDeathTreeRootScaler.t:divtimetree" spec="ScaleOperator" rootOnly="true" scaleFactor="0.5" tree="@Tree.t:divtimetree" weight="3.0"/>
219
220 Y I = T " "o L 1o 4y Lo " : ap
221
222 id="BirthDeathSubtreeSlide.t:divtimetree" spec="SubtreeSlide" tree="@Tree.t:divtimetree" weight="0"/>
223
224 id="BirthDeathNarrow.t:divtimetree" spec="Exchange" tree="@Tree.t:divtimetree" weight="0"/> indows
225
226 id="BirthDeathWide.t:divtimetree" spec="Exchange" isNarrow="false" tree="@Tree.t:divtimetree" weight="0"/>
227
228 id="BirthDeathWilsonBalding.t:divtimetree" spec="WilsonBalding" tree="@Tree.t:divtimetree" weight="0"/> ==
229 d
230 <operator RateScaler.t: spec="5caleUperator ' parameter= BER g welg
231
232 <operator id="DeathRateScaler.t:divtimetree" spec="ScaleOperator" parameter="@relativeDeathRate2.t:divtimetree" scaleFactor="0.75" weight="3.0"/>
233
234 <operator id="ucldMeanScaler.c:divtimeclock" spec="ScaleOperator" parameter="@ucldMean.c:divtimeclock" scaleFactor="0.5" weight="1.0"/>
235 ik
236 ¥ <operator id="relaxedUpDownOperator.c:divtimeclock" spec="UpDownOperator" scaleFactor="0.75" weight="3.0"> d
237 <up idref="ucldMean.c:divtimeclock"/>
238 <down idref="Tree.t:divtimetree"/>
239 = </operator> MEER
240
241 v <logger id="tracelog" fileName="pampus_timetree.log" logEvery="1000" model="@posterior" sanitiseHeaders="true" sort="smart">
242 <log idref="posterior"/> il
243 <log idref="1likelihood"/>
244 <log idref="prior"/> d
245 <log idref="treeLikelihood.timetree_1"/>
246 <log id="TreeHeight.t:divtimetree" spec="beast.evolution.tree.TreeHeightLogger" tree="@Tree.t:divtimetree"/>
247 <log idref="treeLikelihood.timetree_2"/>
248 <log idref="treeLikelihood.timetree_3"/>
249 <log idref="freqParameter.s:timetree_1"/>
250 <log idref="rateAC.s:timetree_1"/>
251 <log idref="rateAG.s:timetree_1"/>
252 <log idref="rateAT.s:timetree_1"/>
253 <log idref="rateCG.s:timetree_1"/>
254 <log idref="rateGT.s:timetree_1"/>
255 <log idref="mutationRate.s:timetree_1"/>
L: 208 C: 142 XML . Unicode (UTF-8). Unix(LF). uf Saved: 2018/4/26, 15:51:06 [J 151,644 /1,698 /281 100% .
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Porccottus glenii
Neodontobutis hainanensis
Odontobutis yaluensis
Odontobutis potamephila
Odontobutis sinensis
Sineleotris saccharae
Micrcpercops swinhonis
Micrcdous chalmersi
Rhyacichthys aspro
Typhieotris pauliani
Milyeringa veritas
Gobiomorus dormitor
Dormitator maculatus
Eleotris acanthopoma
Eleotris oxycephala
Butis koilomatodon

Kribia nana

Oxyelectris marmoratus

Bostrychus sinensis



Thanks for your attention!
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